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(57) Abstract 

Engineered particles are provided for the delivery of a bioactive agent to the respiratory tract of a patient The particles may be used 
in the form of dry powders or in the form of stabilized dispersions comprising a nonaqueous continuous phase. In particularly preferred 
embodiments the particles may be used in conjuncdon with an inhalation device such as a dry powder inhaler, metered dose inhaler or a 
nebulizer. 
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PERFORATED MICROPARTICl£S AND METHODS OF USE 



Field of the Invention 

5 The present invention relates to formulations and methods for the production of perforated 

microstructures which comprise an active agent. In particularly preferred embodiments, the active agent will 
comprise a bioactive agent. The perforated microstructures will preferably be used in conjunction with 
inhalation devices such as a metered dose inhaler, dry powder inhaler or nebulizer for both topical and 
systemic delivery via pulmonary or nasal routes. 

10 

Background of the Invention 

Targeted drug delivery means are particdaHy desirable where toxicity or bioavailability of the 
phamiaceutical compound is an issue. Specific drug delivery methods and compositions that effectively deposit the 
compound at the site of action potentially serve to minimize toxic side effects, lower dosing requirements and 

15 decrease therapeutic costs. In this regard, the development of such systems for pulmonary drug delivery has iong 
been a goal of the phamiaceutical industry. 

The three most common systems presently used to deliver drugs locally to the pulmonary air passages are 
dry powder inhalers (DPis), metered dose inhalers (MDIs) and nebulizers. MDIs, the most popular method of 
InhflJation admirastratiQa may be used to deliver medicaments in a solubiized form or as a dspersion. Typically MDIs 

20 comprise a Freon or other relatively high vapor pressure propeiant that forces aerosolized metfication into the 
respiratory tract upon activation of the device. Unlike MDIs, DPIs generally rely entirdy on the patient's inspiratory 
efforts to introduce a medicament in a dry powder form to the lungs. Finally, nebulizes fomi a mecficament aerosol 
to be inhaled by imparting energy to a liquid solution. More recently, direct pulmonary delivery of drugs during liquid 
ventilation or pulmonary lavage using a fluorochemical medium has also been explored. While each of these methods 

25 and assodatad systems may prove effective in selected situations, inherent drawbacks, including formulation 
limitations, can limit their use. 

The MDI is dependent on the propulsive force of the propellent system used in its manufacture. 
Traditionally, the propellent system has consisted of a mixture of chlorofiuorocarbons (CFCs) which are 
selected to provide the desired vapor pressure and suspension stability. Currently, CFCs such as Freon 11, 

30 Freon 12, and Freon 114 are the most widely used propellents in aerosol formulations for inhalation 
administration. While such systems may be used to deliver soiubOized drug, the selected bioactive agent is 
typically incorporated in the form of a fine particulate to provide a dispersion. To minimize or prevent the 
problem of aggregation in such systems, surfactants are often used to coat the surfaces of the bioactive 
agent and assist in wetting the particles with the aerosol propellent. The use of surfactants in this way to 

3 5 maintain substantially uniform dispersions is said to "stabDize" the suspensions. 
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Unfortunately, traditional chlorofluorocarbon propellents are now believed to deplete stratospheric 
ozone and, as a consequence, are being phased out. This, in turn, has ted to the development of aerosol 
formulations for pulmonary drug delivery employing so-called environmentally friendly propellents. Classes of 
propellants w/hich are believed to have minimal ozone-depletion potential in comperison with CFCs are 
perfluorinated compounds (PFCsl and hydrofluoroalkanes (HFAs). While selected compounds in these classes 
may function effectively as biocompatible propellants, many of the surfactants that were effective in 
stabilizing drug suspensions in CFCs are no longer effective in these new propellent systems. As the solubility 
of the surfactant in the HFA decreases, diffusion of the surfactant to the interface between the drug particle 
and HFA becomes exceedingly slow, leading to poor wetting of the medicament particles and a loss of 
suspension stability. This decreased solubility for surfactants in HFA propellants is likely to result in 
decreased efficacy with regard to any incorporated bioactive agent. 

More generally, drug suspensions in liquid fluorochemicals, including HFAs, comprise heterogeneous 
systems which usually require retfispersion prior to use. Yet, because of factors such as patient compliance 
obtaining a relatively homogeneous distribution of the pharmaceutical compound is not always easy or 
successful. In addition, prior art formulations comprising micronized particulates may be prone to aggregation 
of the particles which can result in inadequate delivery of the drug. Crystal growth of the suspensions via 
Ostwald ripening may also lead to particle size heterogeneity and can significantly reduce the shelf-life of the 
formulation. Another problem with conventional dispersions comprising micronized dispersants is particle 
coarsening. Coarsening may occur via several mechanisms such as floccuiation, fusion, molecular diffusion, 
and coalescence. Over a relatively short period of time these processes can coarsen the formulation to the 
point where it is no longer usable. As such, while conventional systems comprising fluorochemical 
suspensions for MDIs or liquid ventilation are certainly a substantial improvement over prior art non- 
fluorochemical delivery vehides, the drug suspensions may be improved upon to enable, formulations with 
improved stability that also offer more efficient and accurate dosing at the desired site. 

Sinularly, conventional powdered preparations for use in DPIs often fail to provide accurate, 
reproducible dosing over extended periods. In this respect, those skilled In the art will appreciate that 
conventional powders (i.e. micronized) tend to aggregate due to hydrophobic or electrostatic interactions 
between the fine particles. These changes in particle size and increases in cohesive forces over time tend to 
provide powders that give undesirable pulmonary distribution profiles upon activation of the device. More 
particulariy, fine particle aggregation disrupts the aerodynamic properties of the powder, thereby preventing 
large amounts of the aerosolized medicament from reaching the deeper airways of the lung where it is most 
effective. 

In order to overcome the unwanted increases in cohesive forces, prior art fomiulations have 
typically used large carrier partides comprising lactose to prevent the fine drug particles from aggregating. 
Such carrier systems allow for at least some of the drug partides to loosely bind to the lactose surface and 
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disengage upon inhalation. However, substantial amounts of the drug fail to disengage from the large lactose 
particles and are deposited in the throat. As such, these carrier systems are relatively inefficient with 
respect to the fine particle fraction provided per actuation of the DPI. Another solution to particle 
aggregation is proposed in WO 98/31346 wherein particles having relatively large geometric diameters li.e. 
5 preferably greater than 10 /mil are used to reduce the amount of particle interactions thereby preserving the 
flowability of the powder. As with the prior art carrier systems, the use of large particles apparently reduces 
the overall surface area of the powder preparation reportedly resulting in improvements in flowability and fine 
particle fraction. Unfortunately, the use of rdatively large particles may result in dosing limitations when 
used in standard DPIs and provide for less than optimal dosing due to the potentially prolonged dissolution 
10 times. As such, there stiil remains a need for standard sized particles that resist aggregation and preserve the 
flowability and dispersibility of the resulting powder. 

Accorcfingly, it is an object of the present invention to provide methods and preparations that 
advantageously allow for the nasal or pulmonary admirestration of powders having relatively high fine particle 
fractions. 

IS It is a further object of the present invention to provide stabilizBd preparations suitable for aerosolization 

and subsequent administration to the pulmonary air passages of a patient in need thereof. 

It is yet another object of the present mvention to provide powders that may be used to provide stabiGzed 
dispersions. 

It is still a further object of the present invention to provide powders exhibiting relatively low cohesive 
20 forces that are compatible for use in dry powder inhalers. 

Summary of the Invention 

These and other objects are provided for by the invention dsdosed and claimed herein. To that end, the 
methods and associated compositions of the present invention provide, in a broad aspect for the improved delivery of 

25 agents to a desired site. More particularly, the present invention may provide for the delivery of bioactive agents to 
selected physiological target sites udng perforated microstructrffe powders. In preferred embedments, the bioactive 
agents are in a fomi for administration to at least a portion of the pulmonary air passages of a patient in need 
thereof. To that end, the present invention provides for the formation and use of perforated microstructures and 
delh^ry systems comprising such powders, as well as individual components thereof. The disclosed powders may 

30 further be (fispersed in selected suspension media to provide stabifrzed dispersions. Unlike prior art powders or 
dispersions for drug defivery, the present invention preferably employs novel techniques to reduce attractive forces 
between the particles. As such, the dsdosed powders exhibit improved flowability and dispersibilty while the 
disclosed dspersions exhiUt reduced degradation by fiocculatiDa sedmentation or creaming. Moreover, the 
stabOized preparations of the present invention preferably comprise a $us|»nsion medum {e.g. a fluorxhemicei) that 

35 fiffther serves to reduce the rate of degradation with respect to the incorporated bioactive agent Accordngly, the 
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dispersions or powders of the present invention may be used in conjunction with metered dose inhalers dry powder 
inhalers atonizers, nebuEzers or liquid dose instillation (LDII techniques to provide for effective drug deBvery. 

With regard to particulariy praferred embodbnents; the hollow and/or porous perforated microstructures 
substantially reduce attractive molecular forces, such as van der Waals forces^ which dominate prior art powdered 
preparations and dispersions. In this respect the powdered composHions typically have relatively low bulk densities 
which contribute to the flowahility of the preparations whSe proviiSng the desired characteristics for inhalation 
therapes. More particulariy, the use of relatively low density perforated (or porous) microstructures or 
microparticulates significantly reduces attractive forces between the partides thereby lowering the shear forces and 
increasing the flowabifity of the resulting powders. The relatively low density of the perforated microstructures also 
provides for superior aerodynamic perfonnance when used in inhalation therapy. When used in dispersions, the 
physical characleristics of the powders provide for the fonnation of stable preparations. Moreover, by setecting 
dispersion components in accordance with the teachings herein, interpartide attractive forces may further be 
reduced to provide formulations having enhanced stability. 

Accordingly, select embodiments of the invention provide for powders having increased dispersibility 
comprising a plurality of perforated microstructures having a bulk density of less than about 0.5 g/cm^ wherdn 
said perforated microstructure powder comprises an active agent. 

With regard to the perforated microstructures, those skilled in the art will appreciate that they may be 
formed of any biocompatible material providing the desired physical characteristics or morphology. In this respect, 
the |»rforated microstructures will preferably comprise pores, voids, defects or other interstitial spaces that act to 
reduce attractive forces by minimizing surface interactions and decreasing shear forces. Yet, given these 
constraints, it will be appreciated that any material or configuration may be used to forni the microstmcture matrix. 
As to the selected materials, it is desirable that the microstmcture incorporates at least one surfactant. Preferably, 
this surfactant will comprise a phospholipid or other surfactant approved for pulmonary use. Similariy, it is preferred 
that the microstructures incorporate at least one active agent which may be a bioactive agent. As to the 
configuration, partfcularly preferred embodiments of the invention incorporate spray dried, hollow microspheres 
having a relatively thin porous wall defining a large internal void, although, other void containing or perforated 
structures are contemplated as wall. In preferred embodiments the perforated iracrostructures will further comprise 
a bioacth^e agent. 

Accordingly, the present invention provides for the use of a bioactive agent in the manufacture of a 
medcament for pulmonary deBvery vuherehy the medicament comprises a plurafity of perforated microstructures 
which are aerosolized using an inhalation device to provide aerosolized medicament comprising said bioactive agent 
wherein said aerosolized medicament is adninistared to et least a portion of the nasal or pulmonary air passages of a 
patient in need thereof. 

It will farther be appredated that, in sdected embocbnents, the present invention comprises methods for 
forming perforated microstnictures that exhibit improved dispersibility. In this regardt it wfll be appredated that the 
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cfisclosed perfDrated microstructurBS reduce attractive molecular forces, such as van der Waals forces, which 
dominate prior art powdered preparations. That is, ufdike prior art preparations comprising relatively dense, solid 
particles or nonporous partides (e.g. micronized), the powdered compositions of the present invemion exhibit 
increased flowabiOty and dispersibaity due to the lower shear forces. In part, this reduction in cohesive forces is a 
result of the novel production methods used to provide the desired powders. 

As such, preferred embodiments of the invention provide methods for forming a perforated 
microstructure comprising the steps of: 

providng a liqiid feed stock comprising an active agent; 

atomizing said liquid feed stock to produce dispersed liqud droplet^; 

drying said liquid droplets und^ predetermined conditions to form perforated microstructures comprising 
said active agent* and 

collecting said perforated microstructures. 

With regard to the fomiation of the perforated microstructures it will be appredated that, in preferred 
embotSments, the particles will be spray dried using commenaaiiy avaSable equipment. In tNs regard the feed stock 
will preferably comprise a blowing agent that may be sdected from fluorinated compounds and nonfluorinated oils. 
Preferably, the fluorinated compounds w3l have a boiling pmnt of greater than about 60°C. Within the context of the 
instant invention the fluorinated blowing agent may be retained in the perforated microstructures to further increase 
the disperdWIity of the resulting powder or improve the stability of dsperdons incorporating the same. Further, 
nonfluorinated oils may be used to increase the solubility of sdected bioactive agents (e.g. sterdds) in the feed stock, 
resulting in increased concentrations of bioactive agents in the perforated microstructures. 

As discussed above, the dispersibility of the perforated microstructure powders may be increased by 
reducing, or minimizing, the van der Waals attractive forces between the constituent perforated 
microstructures. In this regard, the present invention further provides methods for increasing the disperdbility 
of a powder comprising the steps of: 

providng a liquid feed stock compridng an active agent; and 

spray drying said liquid feed stock to produce a perforated microstructure powder having e bulk density of 
less than about 0.5 g/cm' wherein sdd powder exhibits reduced van der Weals attractive forces when compared to a 
relativdy non-porous powder of the same composition. In particulariy preferred emboifiments the perforated 
microstructures will comprise hdlow, porous mkirospheres. 

The blowing agent may be dispersed in the carrier using techniques known in the art for the 
production of homogenous dispersions such a sonication, mechanical mixing or high pressure homogenization. 
Other methods contemplated for the dispersion of blowing agents in the feed solution include co-mixing of 
two fluids prior to atomization as described for double nefaulization techruques. Of course, it will be 
appredated that the atomizer can be customized to optimize the desired particle characteristics such as 
partide size, in spedal cases a double liquid nozzle may be employed. In another embotfiment, the blowing 
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agent may be dispersed by introducing the egent into the solution under elevated pressures such as in the 
case of nitrogen or carbon dioxide ges. 

As to the delivery of perforated microstructure powders or stabilized dispersions, another espect of 
the present invention is directed to inhalation systems for the edministration of one or more bioactive agents 
to a patient. As such, the present invention provides systems for the pidmonary administration of a bioactive 
agent to a patient comprising: 

an inhalation device comprising e reservoir; and 

a powder in said reservoir wherein said powder comprises a plurality of perforated microstructures having 
a bulk density of less than about 0.5 g/cm^ wherein said perforated microstructure powder comprises a bioactive 
agent whereby said inhalation device provides for the eerosoBzed administration of said powder to at least a portion 
of the puimonanr air passages of e patient in need thereof. As alluded to above, it wil be appreciated that an 
inhalation device may comprise an atomizer, a sprayer, a dry powder inhaler, a metered dose inheler or a nebdizer. 
Moreover, the reservior may be a unit dose container or bulk reservior. 

In other emodiments, the perforated microstructure powders may be dispersed in an appropriate 
suspension medium to provide stabilized dispersions for delivery of a selected agent Such dispersions are particulariy 
useful in metered dose inhalers and nebulizers. In this regard, particularly preferred suspension mediums comprise 
fluorochemicals |e.g. perfluorocarbons or fluorocarbonsl that are liquid at room tOTiperature. As tfscussed above. It 
is well established that many fluorochemicals have a proven Kstory of safety and biocompatibility in the lung. 
Further, in contrast to aqueous solutions, fluorochemicals do not negatively impact gas exchange. Moreover, 
because of their unique wettability characteristics, fluorochemicals may be able to provide for the dispersion of 
particles deeper into the lung, thereby improving systemic delivery, finally, many fluorochemicals are also 
bacteriostatic thereby decreasing the potential for microbial growth in compatible preparations. 

Whether administered in the form of a dry powder or stabilized dspersion, the present invention provides 
for the effective delivery of bioactive agents. As used herein, the terms "bioactive agent" refers to a substance 
which is used in connection with an application that is therapeutic or diagnostic in nature, such as methods for 
diagnosing the presence or absence of a dsease in a patient and/or methods for treating disease in a patient. As to 
compatible bioactive agents, those skilled in the art will appreciate that any therapeutic or diagnostic agem may be 
incorporated in tte stabilized dispersions of the present invention. For example, the bioactive agent may be selected 
from the group consisting of antiallergic^ bronchodilators, bronchoconstrictors, pulmonary lung surfactants, 
analgesics, antibiotics, leukotriene inNbitors or antagonists, anticholinergics, mast cell inhibitors, antihistamines, 
antiinfiammatories, antineoplastics, anesthetics, anti-tubercular^, imaging agents, cardiovascular agents, enzymes, 
steroids, genetic material, viral vectors, antisense agents, proteins, peptides and combinations thereof. In preferred 
embodiments the Uoacthre agents comprise compounds wHch are to be administered systemically (i.e. to the 
systemic drciiation of a patient) such as peptides, proteins or pdynucleotides. As will be dsclosed in more detail 
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bdow, the bioactive agent may be incorporated, blended in, coated on or othennrise associated with the perforated 
microstructure. 

Accordingly, the present invention provides methods for the pulmonary delivery of one or more bioactive 
agents comprising the steps of: 

5 providing a powder comprising a plurality of perforated microstructures having a bulk density of less 

than about 0.5 g/cm^ wherein said perforated microstructure powder comprises a bioactive agent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
administerir^ a therapeutically effective amount of ssd aerosolized medicament to at least a portion of the 
nasal or pulmonary passages of a patient in need thereof. 
10 As used herein the term ''aerosolized" shall be held to mean a gaseous suspension of fine solid or 

liquid particles unless otherwise dictated by contextual restraints. That is, an aerosol or aerosolized 
medicament may be generated, for example, by a dry powder inhaler, a metered dose inhaler, an atomizer or a 
nebulizer. 

With respect to the disclosed powders, the selected agent or bioactive agent, or agents, may be used as 
1 5 the sole structural component of the perforated microstructures. Conversely, the perforated microstructures may 
comprise one or more components (i.e. structural materials, surfactants, exdpients, etc.) in adtfition to the 
incorporated agent. In particularly preferred ^nbodiments, the suspended perforated microstructures will comprise 
rdativdy high concentrations of surfactant (greater than about 10% w/w) along with an incorporated bioactive 
agent(s). finally, it shodd be appreciated that the particulate or perforated microstructure may be coated, linked or 
20 otherwise assodated with an agent or bioactive agem in a non integral manner. Whatever configuration is selected. 
It will be appreciated that any associated bioactive agent may be used in its natural form, or as one or more salts 
known in the art. 

While the powders or stabilized dispersions of the present invention are particularly suitable for the 
pulmonary administration of bioactive agents, they may also be used for the localized or systemic 
25 administration of compounds to any location of the body. Accordingly, it should be emphasized that, in 
preferred embodiments, the formulations may be administered using a number of different routes including, 
but not limited to, the gastrointestinal tract, the respiratory tract, topically, Intramuscularly, intraperitoneally, 
nasally, vaginally, rectaliy, aurally, orally or ocularly. 

Other objects, features and advantages of the present invention will be apparent to those skilled in the art 
30 from a consideration of the following detailed description of prefen'ed exemplary embodiments thereof. 

Brief Description of the Drawinos 

Figs. 1A1 to 1F2 illustrate changes in particle morphology as a function of variation in the ratio of 
fluorocarbon blowing agent to phospholipid (PFC/PC) present in the spray dry feed. The micrographs, 
35 produced using scanning electron microscopy and transmission electron microscopy techniques, show that in 
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the absence of FCs, or at low PFC/PC ratios, the resulting spray dried microstructures comprising gentamidn 
sulfate are neither particulariy hollow nor porous. Conversely, at high PFC/PC ratios, the particles contain 
numerous pores and are substantially hollow with thin walls. 

Fig. 2 depicts the suspension stability of gentamicin particles in Perflubron as a function of 
formulation PFC/PC ratio or particle porosity. The particle porosity increased with increasing PFC/PC ratio. 
Maximum stability was observed with PFC/PC ratios between 3 to 15, illustrating a preferred morphology for 
the perflubron suspension media. 

Fig. 3 is a scanning electron microscopy image of perforated microstructures comprising cromolyn 
sodium illustrating a preferred hollow/porous morphology. 

Figs. 4A to 4D are photographs illustrating the enhanced stability provided by the dispersions of the 
present invention over time as compared to a commercial cromolyn sodium formulation (Intal* Rhone-Poulenc- 
Rorerj. In the photographs, the commerdai formulation on the left rapidly separates while the dispersion on 
the right, formed in accordance with the teachings herein, remains stable over an extended period. 

Fig. 5 presents results of in vitro Andersen cascade impactor studies comparing the same hollow 
porous albuterol sulfate formulation delivered via a MDI in HFA-134a, or from an exemplary DPI. Efficient 
delivery of particles was observed from both devices. MDI delivery of the particles was maximized on plate 4 
corresponding to upper airway delivery. DPI delivery of the particles results in substantial deposition on the 
later stages in the impactor corresponding to improved systemic delivery in-vivo. 

Detailed Description Preferred Embodments 

While the present invention may be embodied in many different forms, disclosed herein are specific 
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphasized that 
the present invention is not limited to the specific embodiments illustrated. 

As discussed above, the present invention provides methods, systems and compositions that 
comprise perforated microstructures which, in preferred emboifiments, may advantageously be used for the 
delivery of bioactive agents. In particularly preferred embodiments, the disclosed perforated microstructure 
powders may be used in a dry state (e.g. as in a DPI) or in the form of a stabilized (fispersion (e.g. as in a MDI, 
LDI or nebulizer f ormulationi to deliver bioactive agents to the nesal or pulmonary air passages of a patient. It 
will be appreciated that the perforated microstructures disclosed herein comprise a structural matrix that exhibit?, 
defines or comprises voids, pores, defects, hollows, spaces, interstitial spaces, apertures, perforations or holes. The 
absolute shape (as opposed to the morphdogyl of the perforated microstructure is generally not critical and any 
overall configuration that provides the desired characteristics is contemplated as being within the scope of the 
invention. Accordingly, preferred embodnnents can comprise approximately microspherical shapes. However, 
collapsed deformed or fractured particulates are also compatible. With this caveat it will further be appreciated 
that particulariy prefenred embodiments of the invention comprise spray dried hollow, porous microspheres. In any 
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case the disclosed powders of perforated microstnictures provide several edvantages including, but not limited to, 
increases in suspension stability, improved dispersibility, superior sampling characteristics, elimination of 
carrier particles and enhanced aerodynamics. 

Those skilled in the art wiil appreciate that many of these aspects are of particular use for dry 
S powder inhaler applications. Unlike prior art formulations, the present invention provides unique methods and 
compositions to reduce cohesive forces between dry particles, thereby minimizing particulate aggregation 
which can result in an improved delivery efficiency. As such, the ifisciosed preparations provide a highly 
flowable, dry powders that can be efficiently aerosolized, unifomily delivered and penetrate deeply in the lung 
or nasal passages. Furthennore, the perforated microstructures of the present invention result in surprisingly 
1 0 low throat deposition upon administration. 

In preferred embodiments, the perforated microstructure powders have relatively low bulk density, 
allowing the powders to provide superior sampling properties over compositions known in the art. Currently, 
as explained above, many commercial dry powder formulations comprise large lactose particles which have 
micronized drug aggregated on their surface. For these prior art formulations, the lactose particles serve as a 
1 5 carrier for the active agents and as a bulking agent, thereby providing means to partially control the fine 
particle dose delivered from the device. In eddition, the lactose particles provide the means for the 
commercial filling capability of dry particles into unit dose containers by adding mass and volume to the 
dosage form. 

By way of contrast, the present invention uses methods and compositions that yield powder 

20 formulations having extraordinarily low bulk density, thereby reducing the minimal filling weight that is 
crnnmercially feasible for use in dry powder inhalation devices. That is, most unit dose containers designed 
for DPIs are flDed using fixed volume or gravimetric techniques. Contrary to prior art formulations, the 
present invention provides powders wherein the active or bioactive agent and the incipients or bulking agents 
make-up the entire inhaled particle. Compositions according to the present invention typically yield powders 

25 with bulk densities less than 0.5 gfcm^ or 0.3 g|cm\ preferably less 0.1 g/cm^ and most preferably less than 
0.05 gfcm^ By providing particles with very low bulk density, the minimum powder mass that can be filled 
into a unit dose container Is reduced, which eFiminates the need for carrier particles. That is, the relatively 
low density of the powders of the present invention provides for the reproducible administration of relatively 
low dose pharmaceutical compounds. Moreover, the elimination of carrier particles will potentially minimize 

30 throat deposition and any "gag" effect, since the large lectose particles will impact the throat and upper 
airways due to their size. 

in accordance with the teachings herein the perforated microstructures will preferably be provided 
in a "dry" state. That is the microparticles will possess a moisture content that allows the powder to remain 
chemically and physically stable during storage at embient temperature and easily dispersible. As such, the 

35 moisture content of the microparticles is typically less than 6% by weight, and preferably less 3% by weight. 
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In same instances the moisture content will be as low as 1% by weight. Of course it will be appreciated that 
the moisture content is, at least in part, dictated by the formuletion and is controlled by the process 
conditions employed, e.g., inlet temperature, feed concentration, pump rate, and blowing agent type, 
concentration and post drying. 

With respect to the composition of the structural matrix defining the perforated microstructures, they may 
be fofmed of any material which possesses physicel end chemical characteristics that are compatible with any 
incorporated active agents. While a wide variety of materials may be used to fomi the particles, in particulerty 
preferred phamiaceutical embocfiments the structural matrix is associated with, or comprises, a surfactant such as 
phospholipid or fluorinaled surfactant. Although not required, the incorporation of a compatibia surfactant can 
improve powder flowahiiity, increese aerosol effidency, improve dispersion stability, and fadiitate preparation of a 
suspension. It will be appreriated that as used herein, the terms "structural matrix" or "microstructure matrix" are 
equivalent and shafl be held to mean any sdid material fomiing the perforated microstructures which define a 
plurality of voids, apertures, hoDows, defects, pores, holes, fissures, etc. that provide the desired characteristics. In 
preferred embodiments, the perforated microstructure defined by the structural matrix comprises a spray dried 
hdlow porous microsphere incorporating at least one surfactant. It will further be appreciated that by altering the 
matrix components, the density of the structural matrix may be adjusted Rnally, as will be discussed in further 
detail bdow, the perforated microstructures preferably comprise at least one active or bioactive agent. 

As indicated, the perforated microstructures of the present invention may optionally be assodated with, or 
comprise, one or more surfactants. Moreover, misdble surfactants may optionally be combined in the case where 
the microparticles are fonnulated in a suspension medium Cqdd phase. It will be appredated by those skilled in the 
art that the use of surfactants, while not necessary to practice the instant invention, may further increase dispersion 
stability, powder flowahiiity, simplify fomiulation procedures or increase effidaicy of deliver/. Of course 
combinations of surfactants, induding the use of one or more in the liquid phase and one or more assodated with the 
perforated microstructures are contemplated as being within the scope of the invention. By "assodated with or 
comprise" it is meant that the structure matrix or perforated microstructure may incorporate, adsorb, absorb, be 
coated with or be fornied by the surfactant. 

In a broad sense, surfactants sdtable for use in the present invention indude any compound or composition 
that aids in the formation of perforated micropartides or provides enhanced suspension stability, improved powder 
dispersibility or decreased particle aggregation. The surfactant may comprise a single compound or any combination 
of compounds, such as in the case of co-surfactants. Particularly preferred surfactants are nonfluorinated and 
selected from the group consisting of saturated and unsaturateci lipids, nonionic detergents, nonionic block 
copdymers, ionic surfactants and combinations thereof, in those embodiments comprising stabilized 
dispersions, such nonfluorinated surfactants will preferably be relatively insoluble in the suspension medium. 
It should be emphasized that in addition to the aforementioned surfactants, suitable fluorinated surfactants 
are compatible with the teachings herein and may be used to provide the desired preparations. 
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Lipids, including phospholipids, from both natural and synthetic sources are particularly compatible 
with the present invention and may be used in varying concentrations to form the structural matrix. 
Generally compatible lipids comprise those that have a gd to liquid crystal phase transition greater than about 
40«C. Preferably the incorporated lipids are relatively long chain li.e. Cig-Czz) saturated lipids and more 
preferably comprise phospholipids. Exemplary phospholipids useful in the disclosed stabilized preparations 
comprise, dipalmitoylphosphatidylcholine, disteroytphosphatidylcholine, diarachidoylphosphatidyichdine 
dibehenoylphosphatidylcholine, short-chain phosphatidylcholines, long-chain saturated 
phosphatidylethanolamines, long-chain saturated phosphatidylserines, long-chain saturated 
phosphatidylglycerols, long-chain saturated phosphatidylinositols, glycolipids, ganglioside GMl, sphingomyelin, 
phosphatidic acid, cardiolipin; lipids bearing polymer chains such as polyethylene glycol, chitin, hyaluronic acid, 
or polyvinylpyrrolidone; lipids bearing sulfonated mono-, di-, and polysaccharides; fatty acids such as palmitic 
add, stearic acid, and oleic acid; cholesterol, cholesterol esters, and cholesterol hemisuccinate. Due to their 
excellent biocompatibility characteristics, phospholipids and combinations of phospholipids and poioxamers 
are particuiariy suitable for use in the pharmaceutical embodiments disclosed herein. 

Compatible nonionic detergents comprise: sorbitan esters including sorbitan trioleate (Span^*^ 85), 
sorbitan sesquioleate, sorbitan monooleate, sorbitan monolaurate, polyoxyethylene (20) sorbitan monolaurate, 
and polyoxyethylene (20) sorbitan monooleate, oleyl polyoxyethylene (2) ether, stearyl polyoxyethylene (21 
ether, lauryl polyoxyethylene (4) ether, glycerol esters, and sucrose esters. Other suitable nonionic detergents 
can be easily identified using McCutcheon's Emulsifiers and Detergents (McPublishing Co., Glen Rock, Wew 
Jersey! which is incorporated herein in its entirety. Preferred block copolymers include diblock and triblock 
copolymers of polyoxyethylene and polyoxypropylene, including poloxamer 188 (Pluronic* F-68), poloxamer 
407 (Pluronic^ F-127), and poloxamer 338. Ionic surfactants such as sodium sulfosuccinate, and fatty acid 
soaps may also be utilized. In preferred embodiments the microstructures may comprise oleic acid or its alkali 
salt. 

In addition to the aforementioned surfactants, cationic surfactants or lipids are preferred especially 
in the cese of delivery or RNA or DNA. Examples of suitable carionic lipids include: DOTMA, l\l-[l-(2,3' 
dioleyloxy)propyi]-l\l,W,N-trimethylammonium chloride; DOTAP, l,2-dioleyloxy-3-(trimethylammonio)propane; 
and DGTB, 1,2-dioleyl-3-{4'-trimethylammonio)butanoyl snglyceroL Polycationic amino acids such as 
polylysine, and polyarginina are also contemplated. 

Besides those surfactants enumerated above, it will further be appreciated that a wide range of 
surfactants may optionally ba used in conjunction with the present invention. Moreover, the optimum 
surfactant or combination thereof for a given application can readily be determined by empirical studies that 
do not require undue experimentation. Finally, as discussed in more detail below, surfactants comprising the 
structural matrix may also be useful in the fonnation of precursor oil-in-water emulsions (i.e. spray drying feed 
stock! used during processing to fomi the perforated microstructures. 
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Unlike prior art formications, it has surprisingly been found ttiat the incorporation of relatively high levels of 
surfactants (e^^ phospholipidsl may be used to improve powder dspersibility, increase suspension stability and 
decfease powder aggregation of the disclosed appGcations. That is, on a weight to weight basis, the structural 
matrix of the perforated microstructures may comprise relatively high levels of surfactant. In this regard, the 
perforated microstructures wSI preferably comprise greater than about 1%, 5%, 10%, 15%, 18%, or even 20% w/w 
surfactant. Mora preferably, the perforated microstructures will comprise greater than about 25%, 30%, 35%, 40%, 
45%, or 50% w/w surfactant. Still other exemplary embodments will comprise perforated microstructures wherein 
the surfactant or surfactants are present at greater than about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 
even 95% w/w. In selected embodiments the perforated microstructures will comprise essentially 100% w/w of a 
surfactant such as a phospholipid. Those skilled in the art will appreciate that, In such cases, the balance of the 
structural matrix (where applicable) will Gkely comprise a bioactive agent or non surface active exdpients or 
additives. 

While such surfactant levels are preferably employed in perforated microstructures, they may be used to 
provide stabilized systems comprising relatively nonporous, or substantially solid, particulates. That is, while preferred 
embodiments will comprise perforated microstructures associated with high levels of surfactant, acceptaUe 
microspheres may be fomied using relatively low porosity particulates of the same surfactant concentration (i.e. 
greater than about 20% w/wl. In this respect such high surfactant embodiments are specifically contemplated as 
being within the scope of the present invention. 

In other prefenred embodiments, of the invention the structural matrix defining the perforated 
microstructure optionally comprises synthetic or natural polymers or combinations thereof. In this respect useful 
polymers comprise polyiaclides, polylactide-glycoBdes, cydodextrins, poiyacryiates, methylcellulose, 
carijoxymethylcelluios^ polyvinyl alcohols, pdyanhydrides. polylactams, polyvinyl pyrrolidones, pdysaccharides 
(dextrans, starches, chitin, chitosaa etc.), hyaluronic acid, proteins, (albumin, coilagea gdatin, etc.). Examples of 
polymeric resins that would be useful for the preparation of perforated ink microparticles include: styrene- 
butadiene, styrene-isoprene, styrene-acrylonitrile, ethylene-vinyl acetate, ethylene-acrylate, ethylene-acrylic 
acid, ethylenemethylacrylatate, ethylene-ethyl acrylate. vinyi-methyl methacrylate, acrylic acid-methyl 
methacrylate, and vinyl chloride-vinyl acetate. Those skilled in the art wDI appredate that, by selecting the 
appropriate polymers, the ddivery efficiency of the perforated microparticles and/or the stability of the dispersions 
may be tailored to optimize the effectiveness of the active or bioactive agent. 

Besides the aforementioned polymer materials and surfactants, it may be desirable to add other 
excipients to a microsphere fonnulation to improve particle rigidity, production yield, delivery efficiency and 
deposition, shelMife end patient ecceptance. Such optional excipients include, but are not limited to: coloring 
agents, taste masking agents, buffers, hygroscopic agents, antioxidants, and chemical stabilizers. Further, 
various excipients may be incorporated in, or added to, the particulate matrix to provide structure and fomi to 
the perforated microstructures (i.e. microspheres such as latex particles). In this regard it will be appreciated 
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that the rigidifying components can be ramoved using a post-production technique such as selective solvent 
extraction. 

Other rigidifying excipients may include, but are not limited to, carbohydrates including' 
monosaccharides, disaccharides and polysaccharides. For example, monosaccharides such as dextrose 
(anhydrous and monohydrate), galactose, mannitol, D-mannose, sorbitol, sorbose and the like; disaccharides 
such as lactose, maltose, sucrose, trehalose, and the like; trisaccharides such as raffinose and the like; and 
other carbohydrates such as starches Ihydroxyethyistarchl, cyclodextrins end maltodextrins. Amino adds are 
also suitable excipients with glycine preferred. Mixtures of carbohydrates and amino adds are further held to 
be within the scope of the present invention. The indusion of both inorganic (e.g. sodium chloride, caldum 
chloride, etc.), organic salts (e.g. sodium dtrate, sodium ascorbate, magnesium gluconate, sodium gluconate, 
tromethainine hydrochloride, etc.) and buffers is also contemplated. The indusion of salts and organic solids 
such as ammonium carbonate, ammonium acetate, ammonium chloride or camphor are also contemplated. 

Yet other preferred embodiments indude perforated microstructures that may comprise, or may be coated 
with, charged spedes that prolong residence time at the pdnt of contact or enhance penetration through mucosae. 
For example, anionic charges are known to favor mucoadhesion while cationic charges may be used to assodate the 
fornied microparticulatB with negatively charged hioactive agents such as genetic material. The charges may be 
imparted through the assodation or incorporation of pdyanionic or pdycationic materials such as polyacrylic adds, 
pdylysine, polylactic add and chitosan. 

In addtion to, or instead of, the components discussed above, the perforated microstructures will 
preferably comprise at least one active or bioactive agent. As used herein, the temi "active agent" simply refers to a 
substance that enables the perforated microstructures to perfomi the desired function. Further, the term "active 
agent" shall be held indusive of the term "hioactive agent" unless otherwise dictated by contextual restraints. 
As to the temi "bioactive agent" it shall be held to comprise any substance that is used in connection with the 
diagnosis or treatment of a disease, condition or physidogical abnormality in a patient. Particuiarly preferred 
bioactive agents for use in accordance with the invention indude anti-allergies, peptides and proteins, pulmonary lung 
surfactants, bronchodilators and anti inflammatory sterdds for use in the treatment of respiratory disorders such as 
asthma by inhalation therapy. Preferred active agents for use in accordance with the present invention indude 
pigments, dyes, inks, pants, detergents, food sweeteners, spices, adsorbents, absorbents, catalysts, 
nudeating agents, thickening agents, pdymers, resins, insulators, fillers, fertilizers, phytohormones. insect 
pheromones, insect repellents, pet repellents, antifouling agents, pestiddes, fungiddes, didnfectants, 
perfumes, deodorants, and combinations of thereof. 

It vuill be appredated that the perforated microstructures of the present invention may exdudvely 
comprise one or more active or bioactive agents (i.e. 100% w/w). However, in selected embodiments the perforated 
microstructures may incorporate much less bioacthre agent depencSng on the activity thereof. Acconfingly, for Kghly 
active materials the perforated microstructures may incorporate as little as 0.001% by weight although a 
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concentration of greater than about 0.1 % wfw is preferred. Other embodiments of the invention may comprise 
greater than about 5%, 10%, 15%, 20%, 25%, 30% or even 40% w/w active or Uoactive agent. Still more 
preferably the perforated microstructures may comprise greater than about 50%, 60%, 70%, 75%, 80% or even 
90% w/w active or bioactive agent. The precise amount of active or bioective agent incorporated in the perforated 
5 microstructures of the present invention is dependent upon the agent of choice, the required dose, and the form of 
the agent actuaOy used for incorporation. Those skilled in the art will appreciate that such detemiinations may be 
made by using well-known phamiacological techniques in combination with the teachings of the present inventioa 

With regard to phannaceutical preparations, any bioactive egent that may be formulated in the 
disclosed perforated microstructures is expressly held to be within the scope of the present invention. In 

10 particularly preferred embodiments, the selected bioactive agent may be administered in the form of an 
aerosolized medicaments. Accordingly, particularly compatible bioactive agents comprise any drug that may 
be formulated as a fiowabie dry powder or which is relatively insoluble in selected cfisperston media, in 
addition, it is preferred that the formulated agents are subject to pulmonary or nasal uptake in physiologically 
effective amounts. Compatible bioactive agents comprise hydrophiiic and lipophilic respiratory agents, pulmonary 

15 surfactants, bronchodilators, antibiotics, antivirals, anti-infiammatories, steroids, antihistaminics, leukotriene 
inhibitors or antagonists, anticholinergics, antineoplastics, anesthetics, enzymes, cardiovascular agents, genetic 
material including DNA and RI\IA, viral vectors, immunoactive agents, imaging agents, vaccines, immunosuppressive 
agents, peptides, proteins and combinations thereof. Particuiariy preferred bioactive agents for inhalation 
therapy comprise mast cell inhibitors (anti-allergies), bronchodilators, and anti-inflammatory steroids such as, 

20 for example, cromoglycate (e.g. the sodium salt), and albuterol (e.g. the sulfate salt). 

More specifically, exemplary medicaments or bioactive agents may be selected from, for example, 
analgesics, e.g. codeine, dihydromorphine, ergotamine, fentanyl, or morphine; anginal preparations, e.g. 
diltlazem; mast cell inhibitors, e.g. cromolyn sodium; antiinfectives, e.g. cephalosporins, macrolides, quinolines, 
penicillins, streptomycin, sulphonamides, tetracyclines and pentamidine; antihistamines, e.g. methapyrilene; 

25 anti-infiammatories, e.g. fluticasone propionate, beclomethasone dipropionate, flunisolide, budesonide, 
tripedane, cortisone, prednisone, prednisiione, dexamethasone, betamethasone, or triamcinolone acetonide; 
antitussives, e.g. noscapine; bronchodilators, e.g. ephedrine, adreneline, fenoterol, formoterol, isoprenaline, 
metaproterenol, salbutamol, albuterol, salmeterol, terbutaline; diuretics, e.g. amiloride; anticholinergics, e.g. 
ipatropium, atropine, or oxitropium; lung surfactants e.g. Surfaxin, Exosurf, Survanta; xanthines, e.g. 

30 aminophylline, theophyBine, caffeine; therapeutic proteins and peptides, e.g. DNAse, insulin, glucagon, LHRH, 
nafareiin, goserelin, leuprolide, interferon, rhu IL-1 receptor, macrophage activation factors such as 
lymphokines and muramyl dipeptides, opioid peptides and neuropeptides such as enkephalins, endophins, renin 
inhibitors, cholecystokinins, DNAse, growth hormones, leukotriene inhibitors and the like. In addition, 
bioactive agents that comprise an RNA or ONA sequence, particuiariy those useful for gene therapy, genetic 

35 vaccination, genetic tolerization or antisense applications, may be incorporated in the disclosed disparsions as 
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WNIe several procedures are generally compatible with the present invention, particdarly preferred 
embodments typically comprise parforeted microstructures fonned by spray drying. As is well known, spray drying 
is a one*step process that converts a liquid feed to a dried particdate form. With respect to pharmaceutical 
applications, it will ba appreciated that spray drying has been used to provide powdered material for various 

S administrative routes including inhalation. See, for example, M. Sacchetti and M.M. Van Oort in: Inhalation 
Aerosols: Physical and Biological Basis for Therapy, A.J. Hickey, ed. Marcel Dekkar, New York, 1996, which 
is incorporated herein by reference. 

In general, spray drying consists of bringing together a highly dispersed liquid, and a sufficient 
volume of hot air to produce evaporation and drying of the liquid droplets. The preparation to be spray dried 

10 or feed (or feed stock) can be any solution, course suspension, slurry, colloidal dispersion, or paste that may 
be atomized using the selected spray drying apparatus. In preferred embodiments the feed stock will 
comprise a colloidal system such as an emulsion, reverse emulsion, microemulsion, multiple emulsion, 
particulate dispersion, or slurry. Typically the feed is sprayed into a current of warm filtered air that 
evaporates the solvent and conveys the dried product to a collector. The spent air is then exhausted with the 

IS solvent. Those skilled in the art will appreciate that several different types of apparatus may be used to 
provide the desired product. For example, commercial spray dryers manufactured by Buchi Ltd. or Niro Corp. 
will effectively produce particles of desired size. 

It will further be appreciated that these spray dryers, and specifically their atomizers, may be 
modified or customized for specialized applications, i.e. the simultaneous spraying of two solutions using a 

20 double nozzle technique. More specifically, a water-in-oii emulsion can be atomized from one nozzle and a 
solution containing an anti-adherent such as mannitol can be co-atomized from a second nozzle. In other 
cases it may be desirable to push the feed solution though a custom designed nozzle using a high pressure liquid 
chromatography (HPLC) pump. Provided that microstructures comprising the correct morphology and/or composition 
are produced the choice of apparatus is not critical and would be apperent to the skilled artisan in view of the 

25 teadvngs herein. 

While the resulting spray-dried powdered particles typically are approximately spherical in shape, 
needy uniform in size and frequently are hollow, there may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances dispersion stability 
and (fisparsibility of the perforated microstructures appears to be improved if an inflating agent (or blowing 

30 agent) is used in their production. Particulariy preferred. embodiments may comprise an emulsion with the 
inflating agent as the disperse or continuous phase. The inflating agent is preferably dispersed with a surfactant 
solution, using, for instance, a commercially available microfluidizer at a pressure of about 5000 to 15,000 psi. This 
process fomis an emulsion, preferably stabflized by an incorporated surfactant, tyincally comprising submicron 
droplets of water immisdbie blowing agent dispersed in an aqueous continuous phase. The fomiation of such 

35 emulsions using tNs and other techniques are common and well known to those in the art. The blowing agent is 
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described herein. Representative DMA plasmids include, but are not limited to pCMVp (available from 
Genzyme Corp, Framington, MAI and pCMV-p.gal <a CMV promotor linked to the E. coll Lac-Z gene, which 
codes for the enzyme p galactosidase). 

In any event, the selected active or Uoactive agentls) may be associated with, or incorporated in, 
S the perforated microstructures in any form that provides the desired efficacy and is compatible with the 
chosen production techniques. As used herein, the terms "associate** or "assodating" mean that the structural 
matrix or perforated microstructure may comprise, incorporate; adsorb, absorb, be coated with or be f onned by the 
active or Uoactive agent. Where appropriate, the actives may be used in the form of salts (e.g. alkafi metal or 
amine salts or as acid addition salts) or as esters or as solvates (hydrates). In this regard the form of the 

10 active or bioactive agents may be selected to optimize the activity and/or stability of the actives andfor to 
minimize the solubility of the agent in the suspension medium and/or to minimize particle aggregation. 

It will further be appreciated that the perforated microstructures according to the invention may, if 
desired, contain a combination of two or more active ingredients. The agents may be provided in combination 
in a single species of perforated microstructure or individually in separate species of perforated 

IS microstructures. For example, two or more active or bioactive agents may be incorporated in a single feed 
stock preparation and spray dried to provide a single microstructure species comprising a plurality of active 
agents. Conversely, the individual actives couid be added to separate stocks and spray dried separately to 
provide a plurality of microstructure species with different compositions. These individual species could be 
added to the suspension medium or dry powder dispensing compartment in any desired proportion and placed 

20 in the aerosol delivery system as described below. Further, as alluded to above, the perforated 
microstructures (with or without an associated agent) may be combined with one or more conventional (e.g. a 
micronized drug) active or bioactive agents to provide the desired dispersion stability or powder dispersibility. 

Based on the foregoing, it will be appreciated by those skilled in the art that a wide variety of active or 
bioactive agents may be incorporated in the cfisdosed perforated microstructures. Accordingly, the list of preferred 

25 active agents above is exemplary only and not intended to be limiting. It will also be appreciated by those skilled in 
the art that the proper amount of bioactive agent and the timing of the dosages may be detennined for the 
fomiuiations in accordance with already existing infomiation and without undue experimentation. 

As seen from the passages above, various components may be associated with, or incorporated in the 
perforated microstmctures of the present invention. Similariy, several techniques may be used to provide 

30 particulates having the desired morphology (e.g. a perforated or hollow/porous configuration), dispersibility and 
density. Among other methods, perforated microstructures compatible with the instant invention may be fomied by 
techniques including spray drying, vacuum drying, solvent extraction, emulsification or iyophilizatioa and 
combinations thereof. It will further be appreciated that the basic concepts of many of these techniques are well 
known in the prior art and would not, in view of the teachings herein, require undue experimentation to adapt them 

35 so as to provide the desired perforated microstructures. 
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preferably a fluotinated compound (e.g. perfluorohexane, perfluorooctyl bromide, perfiuorodecalin, 
perfluorobutyl ethane) which vaporizes during the spray-drying process, leaving beKnd generally hollow, 
porous aerodynamically light microspheres. As will be discussed in more detail below, other suitable liquid 
blowing agents include nonfluorinated oils, chloroform. Freons, ethyl acetate, alcohols and hydrocarbons. 
Nitrogen and carbon dioxide gases are also contemplated as a suitable blowing agent. 

Besides the aforementioned compounds, inorganic and organic substances which can be removed 
under reduced pressure by sublimation in a post-production step are also compatible with the instant 
invention. These sublimating compounds can be dissolved or dispersed as micronized crystals in the spray 
drying feed solution and include ammonium carbonate and camphor. Other compounds compatible with the 
present invention comprise rigidifying solid structures which can be dispersed in the feed solution or prepared 
in-situ. These structures are then extracted after the initial particle generation using a post-production 
solvent extraction step. For example, latex particles can be dispersed and subsequently dried with other wall 
forming compounds, followed by extraction with a suitable solvent. 

Although the perforated microstructures are preferably formed using a blowing agent as described 
above, it will be appreciated that, in some instances, no additional blowing agent is required and an aqueous 
dispersion of the medicament and/or excipients and surf actant(s) are spray dried directly. In such cases, the 
formulation may be amenable to process conditions (e.g., elevated temperatures) that may lead to the 
formation of hollow, relatively porous microparticles. Moreover, the medicament may possess special 
physicochemical properties (e.g., high crystallinity, elevated melting temperature, surface activity, etc.) that 
makes it particularly suitable for use in such techniques. 

When a blowing agent Is employed, the degree of porosity and dispersibility of the perforated 
microstructure appears to depend, at least in part, on the nature of the blowing agent, its concentration in 
the feed stock (e.g. as an emulsion), and the spray drying conditions. With respect to controlling porosity and, 
in suspensions, dispersibility it has surprisingly been found that the use of compounds, heretofore 
unappreciated as blowing agents, may provide perforated microstructures having particularly desirable 
characteristics. More particidarly, in this novel and unexpected aspect of the present invention it has been 
found that the use of fiuorinated compounds having relatively high boiling points (i.e. greater than about 
40° C) may be used to produce particulates that are particularly porous. Such perforated microstructures are 
especially suitable for inhalation therapies. In this regard it is possible to use fiuorinated or partially 
fiuorinated blowing agents having boiling points of greater than about 40°C. 50*»C, BO°C, 70°C. 80**C, 90°C 
or even 95®C. Particularly preferred blowing agents have boiling points greater than the boiling point of 
water, i.e. greater than 1 00*^0 (e.g. perflubroa perfluorodecalinl. In addition blowing agents with relatively 
low water solubility (< 10*^ M) are preferred since they enable the production of stable emulsion dispersions 
with mean weighted particle diameters less than 0.3 ^m. 
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As previously described, these blowing agents wfll preferably be incorporated in an emulsified feed 
stock prior to spray drying. For the purposes of the present invention this feed stock will also preferably 
comprise one or more active or bioactive agents, one or more surfactants or one or more excipients. Of 
course, combinations of the aforementioned components are also within the scope of the invention. While 
high boiling (> lOO^C) fluorinated blowing agents comprise one preferred aspect of the present inventiorv it 
will be appreciated that nonfluorinated blowing agents with similar boiling points (> 100°C| may be used to 
provide perforated microstructures. Exemplary nonfluorinated blowing agents suitable for use in the present 
invention comprise the formula: 

R'-X-R' orR'-X 

wherein: R' or R^is hydrogen, alkyi, alkenyl, alkynl, aromatic, cydic or combinations thereof, X is any group 
containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations thereof. 

While not limiting the invenrion in any way it is hypothesized that, es the aqueous feed component 
evaporates during spray drying it leaves a thin crust at the surface of the particle. The resulting particle wall 
or crust formed during the initial moments of spray drying appears to trap any high boiling blowing agents as 
hundreds of emulsion droplets (ca. 200-300 nml. As the drying process continues, the pressure inside the 
particulate increases thereby vaporizing at least part of the incorporated blowing agent and forcing it through 
the reletively thin crust. This venting or outgassing apparently leads to the fonnation of pores or other 
defects in the microstructure. At the same time remaining particulate components (possibly including some 
blowing agent) migrate from the interior to the surface as the particle solidifies. This migration apparently 
slows during the drying process as a result of increased resistance to mass transfer caused by an increased 
internal viscosity. Once the migration ceases the particle solidifies, leaving voids, pores, defects, hollows, 
spacer, interstitial spaces, aperture^ perforations or hdes. The number of pores or defects, their size, end the 
resulting well thickness is largely dependent on the formulation and/or the nature of the selected blowing 
agent {e.g. boiling pdntl, its concentration in the emulsion, total solids concentration, and the spray-drying 
conditions. It can be greatly appreciated that this type of particle morphology in part contributes to the 
improved powder dispersibility, suspension stability and aerodynamics. 

It has been surprisingly found that substantial amounts of these relatively high boiling blowing 
agents may be retained in the resulting spray dried product. That is, spray dried perforated microstructures 
as described herein may comprise as much as 1 %, 3%, 5%, 10%, 20%, 30% or even 40% w/w of the blowing 
agent. In such cases, higher production yields were obtained as a result an increased particle density caused 
by residual blowing agent. It will be appreciated by those skilled in the art that reteined fluorinated blowing 
agent may alter the surface characteristics of the perforated microstructures, thereby minimizing particle 
aggregation during processing and further increasing dispersion stability. Residual fluorinated blowing agent 
in the particle may also reduce the cohesive forces between particles by providing a barrier or by attenuating 
the attractive forces produced during manufacturing |e.g., electrostatics). This reduction in cohesive forces 
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may be particulariy advantageous when using the disclosed microstructures in conjunction with dry powder 
inhalers. 

Furthermore, the amount of residual blowing agent can be attenuated through the process 
conditions (such as outlet temperaturel, blowing agent concentration, or boiling point. If the outlet 
5 temperature is at or above the boiling point, the blowing agent escapes the particle and the production yield 
decreases. Preferred outlet temperature will generally be operated at 20. 30, 40, 50, 60, 70, 80, 90 or even 
10G°C less than the blowing agent boiling point. More preferably the temperature differential- between the 
outlet temperature and the boiling point will range from 50 to 1 50*^0. It will be appreciated by those skilled in 
the art that particle porosity, production yield, electrostatics and dispersibility can be optimized by first 

10 identifying the range of process conditions (e.g., outlet temperature! that are suitable for the selected active 
agents and/or excipients. The preferred blowing agent can be then chosen using the maximum outlet 
temperature such that the temperature differential with be at least 20 and up to 150*'C. In some cases, the 
temperature differential can be outside this range such as, for example, when producing the particulates 
under supercritical conditions or using lyophilization techniques. Those skilled in the art will further 

15 appreciate that the preferred concentration of blowing agent can be determined experimentally without 
undue experimentation using techniques similar to those described in the Examples herein. 

While residual blowing agent may be advantageous in selected embodiments it may be desirable to 
substantially remove any blowing agent from the spray dried product. In this respect, the residual blowing 
agent can easily be removed with a post-production evaporation step in a vacuum oven. Moreover, such post 

20 production techniques may be used to provide perforations in the particulates. For example, pores may be 
formed by spray drying a bioactive agent and an exdpient that can be removed from the formed particulates 
under a vacuum. 

In any event, typical concentrations of blowing agent in the feed stock are between 2% and 50% 
v/v, and more preferably between about 10% to 45% v/v, in other embodiments blowing agent 
25 concentrations will preferably be greater than about 5%, 10%, 15%, 20%, 25% or even 30% v/v. Yet other 
feed stock emulsions may comprise 35%, 40%, 45% or even 50% v/v of the selected high boiling point 
compound. 

In preferred embodiments, another method of identifying the concentration of blowing agent used in 
the feed is to provide it as a ratio of the concentration of the blowing agent to that of the stabilizing 

30 surfactant (e.g. phosphatidylcholine or PC) in the precursor or feed emulsion. For fluorocarbon blowing agents 
le.g. perfluorooctyl bromide), and for the purposes of explanation, this ratio has been termed the RFC/PC 
ratio. More generally, it will be appreciated that compatible blowing agents and/or surfactants may be 
substituted for the exemplary compounds without falling outside of the scope of the present invention. In 
any event, the typical PFC/PC ratio will range from about 1 to about 80 and more preferably from about 10 to 

35 about 50. For preferred embodiments the ratio will generally be greater than about 5, 10, 20, 25, 30, 40 or 
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even 50. in this respect. Fig. 1 shows a series of pictures taken of perforated microstruclures formad of 
phosphatidylcholine (PC) using various amounts of perfluorooctyl bromide (PFC), a relatively high boiling point 
fluorocarbon as the blowing agent. The PFC/PC ratios are provided under each subset of pictures, i.e. from 
1 A to 1 F. Formation and imaging conditions are discussed in greater detail in Examples I and II below. With 
regard to the micrographs, the column on the left shows the intact microstructures while the column on the 
right illustrates cross-sections of fractured microstructures from the same preparations. 

As may easily be seen in the Fig. 1, the use of higher PFC/PC ratios provides structures of a more 
hollow and porous nature. More particularly, those methods employing a PFC/PC ratio of greater than about 
4.8 tended to provide structures that are particularly compatible with the dry power formulations and 
dispersions disclosed herein. Similarly, Fig. 3, a micrograph which will be discussed in more detail in Example 
XII below, illustrates a preferably porous morphology obtained by using higher bmling point blowing agents (in 
this case perfluorodecalin). 

While relatively high boiling point blowing agents comprise one preferred aspect of the instant invention, it 
will be appreciated that more conventional and unconventional blowing or inflating agents may also be u^d to 
provide compatible perforated microstructures. The blowing agent comprises any volatile substance, which can 
be incorporated into the feed solution for the purpose of producing a perforated foam-like structure in the 
resulting dry microspheres. The blowing agent may be removed during the initial drying process or during a 
post-production step such as vacuum drying or solvent extraction. Suitable agents include: 

1. Dissolved low-boiling (below 100 C) agents miscible with aqueous solutions, such as methylene cWoride, 
acetone, ethyl acetate, and alcohols used to saturate the solution. 

2. A gas, such as CO2 or N^^or liquid such as Freons, CFCs, HFAs, PFCs, MFCs, HFBs, fluoroalkanes, and 
hydrocarbons used at elevated pressure. 

3. Emulsions of immiscible low-boiling (below 100 C| liquds suitable for use with the present invention are 
generally of the formula: 

R*-X-R' or R'-X 

wherein: R' or RMs hydrogen, alkyi, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is 
any groups containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations 
thereof, . Such liquids include: Freons, CFCs, HFAs, PFCs, HFCs. HFBs, fluoroalkanes, and hydrocarbons. 

4. Dissolved or dspersed salts or organic substances which can be removed under reduced pressure by 
sublimation in a post-production step, such as ammonium salts, camphor, etc, 

5. Dispersed solids which can be extracted after the initial particle generation using a post-production 
solvent extraction step, such particles include latex, etc. 
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With respect to these lower boiling pdnt inflating agents, they are typically added to the feed stock in 
quantities of about 1 % 1o 40% v/v of the surfactant solution. Approximately 1 5% v/v inflating agent has been found 
to produce a spray dned powder that may be used to form the stabilized dispersions of the present invention. 

Regardless of which blowing agent is ultimately selected, it has been found that compatible 
perforated microstructures may be produced particularly efficiently using a Buchi mini spray drier (model B- 
191, Switzerland). As will be appreciated by those skilled in the art, the inlet temperature and the outlet 
temperature of the spray drier are not critical but will be of such a level to provide the desired particle size 
and to result in a product that has the desired activity of the medicament. In this regard, the inlet and outlet 
temperatures are adjusted depending on the melting characteristics of the formulation components and the 
composition of the feed stock. The inlet temperature may thus be between 60°C and 170''C, with the outlet 
temperatures of about 40°C to 120**C depending on the composition of the feed and the desired particulate 
characteristics. Preferably these temperatures will be from 90°C to 120°C for the inlet and from 60**C to 
90°C for the outlet. The flow rate which is used in the spray drying equipment will generally be about 3 ml 
per minute to about 15 ml per minute. The atomizer air flow rate will vary between values of 25 liters per 
minute to about 50 liters per minute. Commercially available spray dryers are well known to those in the art, and 
suitable settings for any particular dispersion can be readily detemiined through standard empirical testing, with due 
reference to the examples that follow. Of course, the conditions may be adjusted so as to preserve biological 
activity in larger molecules such as proteins or peptides. 

Though the perforated microstructures are preferably fanned using fluorinated blowing agents in 
the form of an emulsion, it will be appreciated that nonfluorinated oils may be used to increase the loading 
capacity of active or faioactive agents without compromising the microstructure. In this case, selection of the 
nonfluorinated oil is based upon the solubility of the active or bioactive agent, water solubility, boiling point, 
and flash point. The active or bioactive agent will be dissolved in the oil and subsequently emulsified in the 
feed solution. Preferably the oil wHl have substantial solubilization capacity with respect to the selected 
agent, low water solubility (< lO'^M), boiling point greater than water and a flash point greater than the 
drying outlet temperature. The addition of surfactants, and co-solvents to the nonfluorinated oil to increase 
the solubQization capacity is also within the scope of the present invention. 

In particularly preferred embocfiments nonfluorinated oils may be used to solubilize agents or 
bioactive agents that have limited solubility in aqueous compositions. The use of nonfluorinated o9s is of 
particular use for increasing the loading capacity of steroids such as beclomethasone dipropionate and 
triamcinolone acetorude. Preferably the oil or oil mixture for solubilizing these clathrate forming steroids will 
have a refractive index between 1.36 and 1.41 (e.g. ethyl butyrate, butyl carbonate, dibutyl ether). In 
addition, process conditions, such as temperature and pressure, may be adjusted in order to boost solubility of 
the selected agent. It will be appreciated that selection of an appropriate ofl or oil mixtures and processing 
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conditions to maximizB the loading capacity of an agent are well within the purview of a skilled artisan in view 
of the teachings herein end may be accomplished without undue experimentation. 

Particulariy preferred embodiments of the present invention comprise spray drying preparations comprising 
a surfactant such as a phospholipid and at least one active or bioactive agent. In other emhotfiments the sprey 
drying preparation may further comprise an exdpient comprising a hydrophilic moiety such as, for example, a 
carbohydrate (i^ glucose, lactose, or starchi in addition to any selected surfactant. In this regard various starches 
and derivatized starches suitable for use in the present invention. Other optional components may rncluife 
conventional viscosity modifiers, buffers such as phosphate buffers or otiier conventional biocompatible buffers or 
pH adjusting agents such as acids or bases, and osmotic agents (to provide isotonidty, hyperosmolarity, or 
hyposmolarity). Examples of siitaWe salts include sodium phosphate (both monobasic and dibasic), sodium chloride, 
calcium phosphate, calcium chloride and other physiologically acceptable salts. 

Whatever components are selected, the first step in particulate production typically comprises feed 
stock preparation. Preferably the selected drug is dissolved in water to produce a concentrated solution. The 
drug may also be dispersed directly in the emulsion, particulariy in the case of water insoluble agents. 
Alternatively, the drug may be incorporated in the form of a solid particulate dispersion. The concentration of 
the active or bioactive agent used is dependent on the amount of agent required in the final powder and the 
performance of the delivery device employed (e.Q., the fine particle dose for a MDI or DPI). As needed, 
cosurf octants such as poloxamer 188 or span 80 may be dispersed into this annex solution. Additionally, 
excipients such as sugars and starches can also be added. 

In selected embodiments an oil-in-water emulsion is then formed in a separate vessel. The oil 
employed is preferably a fluorocarbon (e.g., perfluorooctyl bromide, perfluorodecalin) which is emulsified using 
a surfactant such as a long chain saturated phospholipid. For example, one gram of phospholipid may be 
homogenized in 150 g hot (fistilled water (e.g., 60«C| using a suitable high shear mechanical mixer (e.g., Ultra- 
Turrax model T.25 mixer) at 8000 rpm for 2 to 5 minutes. Typically 5 to 25 g of fluorocarbon is added 
dropwise to the dispersed surfactant solution while mixing. The resulting perfluorocarbon in water emulsion is 
then processed using a high pressure homogenizer to reduce the particle size. Typically the emulsion is 
processed at 12,000 to 18,000 psi, 5 discrete passes and l(ept at 50 to SO^'C. 

The active or bioactive agent solution and perfluorocarbon emulsion are then combined and fed into 
the spray dryer. Typically the two preparations will be miscible as the emulsion will preferably comprise an 
aqueous continuous phase. While the bioactive agent is solubiiized separately for the purposes of the instant 
discussion it will be appreciated thai in other embodiments, the active or bioactive agent may be solubiiized 
(or dispersed) directly in the emulsion. In such cases, the active or bioactive emulsion is simply spray dried 
without combining a separate drug preparation. 

In any event, operating conditions such as inlet and outiet temperature, feed rate, atomization 
pressure, flow rate of the drying air, and nozzle configuration can be adjusted in accordance with the 
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manufacturer's guidelines in order to produce the required particle size, and production yield of the resulting 
dry microstructures. Exemplary settings are as follows: an air inlet temperature between 60*^0 and V0%; 
an air outlet between 40**C to 1 20**C; a feed rate between 3 ml to ebout 1 5 ml per minute; and an aspiration 
air flow of 300 Umin. and en atomization air flow rate between 25 to 50 L/min. The selection of eppropriate 
apparatus and processing conditions are well within the purview of a skilled artisan in view of the teachings 
herein and may be eccomplished without undue experimentation. In any event, the use of these and 
substantially equivalent methods provide for the fonnation of hollow porous aerodynamically light 
microspheres with particle diameters appropriate for aerosol deposition into the lung, microstructures that ere 
both hollow and porous, almost honeycombed or foam-like in appearance, in especially preferred 
embodiments the perforated microstructures comprise hollow, porous spray dried microspheres. 

Along with spray drying, perforated microstructures useful in the present invention may be formed 
by lyophilization. Those skilled in the art will appreciate that lyophDization is a freeze-drying process in which 
water is sublimed from the composition after it is frozen. The particular advantage associated with the 
lyophilization process is that biologicals and phamiaceuticals that are relatively unstable in an aqueous 
solution can be dried without elevated temperatures Ithereby eliminating the adverse themial effects), and 
then stored in a dry state where there are few stability problems. With respect to the instent invention such 
techniques are particulariy compatible with the incorporation of peptides, proteins, genetic material and other 
natural and synthetic macromolecules in particulates or perforated microstructures without compromising 
physiological activity. Methods for providing lyophilized particulates are known to those of skill in the art and 
it would cleariy not require undue experimentation to provide dispersion compatible microstructures in 
accordance with the teachings herein. The lyophilized cake containing a fine foam-like structure can be 
micronized using techniques known in the art to provide 3 to 10/ym sized particles. Accordingly, to the extent 
that lyophilization processes may be used to provide microstructures having the desired porosity and size they 
are conformance with the teachings herein and are expressly contemplated as being within the scope of the 
instant invention. 

Besides the aforementioned techniques, the perforated microstructures or particles of the present 
invention may also be formed using a method where a feed solution (either emulsion or aqueousl containing 
wall forming agents is rapidly added to a reservoir of heated oil (e.g. perflubron or other high boiling FCsl 
under reduced pressure. The water and volatile solvents of the feed solution rapidly boils and are evaporated. 
This process provides a perforated structure from the wall fanning agents similar to puffed rice or popcorn. 
Preferably the wall forming agents are insoluble in the heated oil. The resulting particles can then separated 
from the heated oil using a filtering technique and subsequently dried under vacuum. 

Additionally, the perforated microstructures of the present invention may also be formed using a 
double emulsion method. In the double emulsion method the medicament is first dispersed In a polymer 
dissolved in an organic solvent (e.g. methylene chloride) by sonication or homogenization. This primary 
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emulsion is then stabilized by forming a multiple emulsion in a continuous aqueous phase containing an 
emutsifier such as pdyvinylalcohol. Evaporation or extraction using conventional techniques and apparatus 
then removes the orgenic solvent. The resulting microspheres are washed filtered and dried prior to 
combining them vuith an appropriate suspension medium in accordance with the present invention 

Whatever production method is ultimately selected for production of the perforated microstructures, 
the resulting powders have a number of advantageous properties that make them particularly compatible for 
use in devices for inhalation therapies. In particular, the physical characteristics of the perforated 
microstructures make them extremely effective for use in dry powder inhalers and in the formation of 
stabilized dispersions that may be used in conjunction with metered dose inhalers, nebulizers and liquid dose 
instillation. As such, the perforated microstructures provide for the effective pulmonary administration of 
bioactive agents. 

In order to maximize dispersibility, Aspersion stability and optimize distribution upon administration, the 
mean geometric particle size of the perforated microstructures is preferably about 0.5-50 m, more preferably 1-30 
m. It will be appreciated that large particles (Le. greater than 50 m) may not be preferred in applications where a 
valve or small orifice is employed, since large particles tend to aggregate or separate from a suspension which 
could potentially clog the device. In especially preferred embodiments the mean geometric particle size (or 
diameter! of the perforated microstructures is less than 20 m or less than 10 m. More preferably the mean 
geometric diameter is less than about 7 m or 5 m, and even more preferably less than about 2.5 m. Other preferred 
embodiments will comprise preparations wherein the mean geometric diameter of the perforated microstnjctures is 
between about 1 m and 5 m. In especially preferred embodiments the perforated microstructures will comprise a 
powder of dry, hollow, porous microspharical shells of approximately 1 to 10 m or 1 to 5 m in diameter, with shell 
thicknesses of approximately 0.1 m to approximately 0.5 m. It is a particular advantage of the present invention 
that the partbulate concentration of the dispersions and structural matrix componems can be adjusted to optimize 
the delivery characteristics of the selected partide size. 

As alluded to throughout the instant spedfication the porosity of the microstructures may play a 
significant part is establishing dispersibility |e.g. in DPIsj or dispersion stability (e.g. for MDis or nebulizers). In ttis 
respect, the mean porosity of the perforated microstroctures may be determined through electron microscopy 
coupled with modem imaging techniques. More spedfically, electron micrographs of representative samples of the 
perforated microstructures may be obtained and digitafly analyzed to quantify the porosity of the preparation. Such 
methoddogy is well known in the art and may be undertaken without undue experimentation. 

For the purposes of the present invemion, the mean porosity fi.B. the percentage of the partide surface 
area that is open to the interior and/or a centrd void) of the perforated microstructures may range from 
approximately 0.5% to approxmiately 80%. In more preferred embodimems, the mean porosity will range from 
appraximatdy 2% to approximatdy 40%. Based on selected production parameters, the mean porosity may be 
greater than approximately, 2%, 5%. 10%, 15%, 20%, 25% or 30% of the microstructure surface area. In other 
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smbodments, the mean porosity of the microstructures may be greater than about 40%, 50%, 60%, 70% or even 
80%. As to the pores themsehres, they typically range in size from about 5 nm to about 400 nm with mean pore 
sizes preferably in the range of from about 20 nm to about 200 nm. In particulariy preferred embotfiments the mean 
pore size will be in the range of from about 50 nm to about 100 nm. As may be seen in Figs. 1A1 to 1F2 and 
S discussed in more detaO below, it is a significant advantage of the present invention that the pore size and porosity 
may be closely controlled by carefii selection of the incorporated components and production parameters. 

In this regard, the particle morphology and/or hollow design of the perforated microstructures also plays an 
important role on the dispersibility or cohesiveness of the dry powder formulations disclosed herein. That is, it has 
been surprisingly discovered that the inherent cohesive character of fine powders can be overcome by lowering the 

10 van der Waals, electrostatic attractive and liquid bridging forces that typically exist between dry particles. More 
spedficaily, in concordance with the teachings herein, improved powder dispersibility may be provided by engineering 
the particle morphology and density, as wdl as control of humidity and charge. To that end, the perforated 
microstructures of the present invention comprise pores, voids, hollows, defects or other interstitial spaces wHch 
reduce the surface contact area between particles thereby minimizing interparticle forces. In addition, the use of 

15 surfactants such as phospholipids and fluorinated blowing agents in accordance with the teachings herein may 
contribute to improvements in the flow properties of the powders by tempering the charge and strength of the 
electrostatic forces as well as moisture content. 

Most firre powders |e.g. <bjm) exhibit poor dispersibility which can be problematic when attempting to 
deliver, aerosolize and/or p^kage the powders. In this respect the major forces which control particle interactions 

20 can typically be divided into long and short range forces. Long range forces include gravitational attractive forces 
and dectrostatics, where the interaction varies as a square of the separation distance or particle diameter. 
Important short range forces for dry powders include van der Waals interactions, hydrogen bonding and liquid 
bridges. The latter two short range forces differ from the others in that they occur where there is already contact 
between particles. It is a major advantage of the present invention that these attractive forces may be substantially 

25 attenuated or reduced through the use of perforated microstructures as described herein. 

In an effort to overcome these attractive forces, typical prior art dry powder formulations for OPts 
comprise micronized drug partides that are deposited on large carrier particles (e.g^ 30 to 90^1 such as lactose or 
agglomerated units of pure drug particles or agglomeration of fine lactose particles with pure drug, since they are 
more readily fludized than neat drug particles. In addition, the mass of drug required per actuation is typically less 

30 than 100 //g and is thus prohibitively too small to meter. Hence, the larger lactose partides in prior an fomiulations 
function as both a carrier particle for aerosolization and a bulking agent for metering. The use of large particles in 
these formulations are employed since powder dispersibility and aerosdization effidency ffnproves with increasing 
increadng particle size as a result of diminished interparticle forces (French, D.U Edwards, DA, sand Nivea R.W., J. 
Aerosol Sd. 27, 769-783, 1996 wKch is incorporated heren by reference). That is, prior art fomiuiations often use 
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large particles or carriers to overcQme the principle forces contrdGng dsperdbility such as van der Wads forces, 
liqifld bridging, and electrostatic attractive farces that exists between particles. 

Those skilled in the art wiD appreciate that the van der Weals IVDW) attractive force occurs at short range 
and depends, et least in part, on the surface contact between the interacting particles. When two dry particles 
S approach each other the VDW forces increase with an increase in contact area. For two dry particles; the magnitude 
of the VDW interaction force, f^, can be calculated using the f oDowing equation: 

where h is Planck's constant, td is the angular frequency, do is the distance at which the adhesional force is at a 
maximum, end rt and r^ are the radii of the two interacting partides. Accordngiy, it will be appreciated that one way 

10 to minimize the magnitude and strength of the VDW force for dry powders is to decrease the interpartide area of 
contact It is important to note that the magnitude dgis a reflection of t\is area of contact The minimd area of 
contact between two opposing bodies will occur if the partides are perfect spheres. In addtion, the area of contact 
will be further minimized if the partides are Kghly porous. Accordngly, the perforated microstmctures of the present 
invention act to reduce interpartide contact and conBspondng VOW attractive forces. It is important to note that 

IS this reduction in VDW forces is largely a result of the unique partide morphology of the powders of the present 
invendon rather than an increase in geometric partide diameter. In this regard, it will be appredated that particuiariy 
preferred embodiments of the present invention provide powders having average or smdl particulates |e.g. mean 
geometric diameter < 10 /ym) exhibiting relativdy low VOW attractive forces. Conversely, sdid, non-sphsricel 
partides such as conventiond micronized drugs of the same size will exert greater interpartide forces between them 

20 and, hence, will exhibit poor powder dispersibility. 

Further, as indicated above, the dectrostatic force affecting powders occurs when either or both of the 
partides are dectricdly charged. This phenomenon wiO result with either an attraction or r^dsion between 
partides depemfing on the sinvlarity or dissimilarity of charge. In the simplest case, the dectric charges can be 
described using Coulomb's law. One way to modulate or decrease the dectrostatic forces between partides is if 

25 either or both partides have non-conducting surfaces. Thus, if the perforated microstructure powders comprise 
exdpients, surfactants or act'nre agents that are rdativdy non-conducting, then any charge generated in the partide 
will be unevenly distributed over the surfsce. As a result the charge hdf-Efe of powders comprising non conducting 
components will be rdativdy short since the retention of elevated charges is dictated by the resistivity of tiie 
materid. Resistive or non-conducting components are materids which will neither function as an effident electron 

30 donor or acceptor. 
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Derjagmn et d. (MuOer, V.M^ Yushchenko, V.S., and Daijagua B.V., J. Colloid Interface 5d 1980, 11, 1 1 5- 
1 191, wKch is incorporated herein by reference, provide a list ranking molecular groups for their ability to accept or 
donate an elecuon. In this regard exemplary groups may be ranked as fdlows: 

5 Donor -MH, > OH > OR > COOR > CH, > -CeHg > 

-halogen > COOH > -CO > CN Acceptor. 

The present invention provides for the reduction of dectrostatic effects in the disclosed powders though 
the use of relatively non-conductive materials. Using the above rankings, preferred non-conductive materids would 

10 include halogenated andfor hydrogenated components. Materids such as phospholipids and fiuorinated blowing 
agents (which may be retdned to some extent in the spray dried powders) are preferred since they can provide 
resistance to partide charging. It will be appredated that the retention of residud blowing agent (e.g. 
fluoroctemicds) in the partides, even at rdativdy low levels, may hdp minimize charging of the perforated 
microstructures as is typicdiy imparted during spray drying and cydone separation. Based on generd dectrostatic 

IS principles and the teacNngs herein, one skilled in the art would be able to identify additicnd materials that serve to 
reduce the dectrostatic forces of the disdosed powders without undue experimentation. Further, if needed, the 
electrostatic forces can dso be manipdated and minimized using electrification and charging techniques. 

In addtion to the surprising advantages described above, the present invention further provides for the 
attenuation or reduction of hydrogen and liquid bonding. As known to those skilled in the art both hydrogen bondng 

20 and liquid bridging can result from moisture that is absorbed by the powder. In generd, higher humidities produce 
higher interparticle forces for hydrophilic surfaces. This is a substantid problem in prior art pharmaceuticd 
fonnulations for inhalation therapies which tend to employ relatively hydrophilic compounds such as lactose. 
However, in accordance with the teachings ho'dn, adhesion forces due to adsorbed water can be modulated or 
reduced by increasing the hydrophobtdty of the contacting surfaces. One skilled in the art can appredate that an 

25 increase in partide hydrophoUdty can be achieved through exdpient selection and/or use a postf roduction spray 
drying coating technique such as emfdoyed using a fluidized bed. Thus, preferred excipients indude hydrophobic 
surfactants such as phosphoripids, fatty acid soaps and chdesterd. In view of the teachings herein, it is submitted 
that a skilled artisan would be able to identify materids exhibiting similar desirable properties without undue 
experimentation. 

30 In accordance with the present invention, methods such as angle of repose or shear index can be used to 

assess the flow properties of dry powders. The angle of repose is defined as the angle formed when a c(me of 
powder is poured onto a flat surface. Powders having an angle of repose ranging from 45° to 20° are preferred and 
indicate sintable powder flow. More particdariy, powders which possess an angle of repose between 33° and 20° 
exhibit relatively low shear forces and are espedally useful in phannaceuticd preparations for use in inhalation 

35 therapies (e.g. DPIs]. The shear index, though more time consuming to measure than angle of repose, is considered 
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more reliable and easy to determine. Those skilled in the art will appreciate that the experiniental procedure outlined 
by Amidon and Houghton (G£. Amidon, end M.E. Houghtoa Pharm. Manuf., 2, 20, 1985, incorporated her«n by 
reference) can be used estimate the shear index for the purposes of the present invention. As described in S. Kocova 
and W. Pilpel, J. Pharm. Phamiacol. 8, 33-55, 1973. also incorporated herein by reference, the shear index is 
estimated from powder parameters such as, yield stress, effective angle of internal frictioa tensile strength, and 
specific cohesion. In the present invention powders having a shear index less than about 0.98 are desirable. More 
preferably, powders used in the (fisclosed compositions, methods and systems will have sl^ar indices less than about 
1.1. In particularly preferred embotfiments the shear index w3I be less than about 1.3 or even less than about 1.5. 
Of course powders ha\nng different shear indices may be used provided the result in the effective depoatian of tte 
active or bioactive agent at the site of interest. 

It will also be appreciated that the flow properties of powders have been shown correlate well with bulk 
density measurements. In this r^ard, conventional prior art tNnking (C.F. Harwood, J. Phamu ScL, 60, 16M63, 
1971) held that an increase in bulk density correlates with improved flow properties as predicted by the shear index 
of the material. Conversely, it has surprisingly been found that, for the perforated microstructures of the present 
invention, superior flow properties were exhibited by powders having relatively low bulk densities. That is, the hollow 
porous powders of the present invention exhibited superior flow properties over powders substantially devoid of 
pores. To that end, it has been found that it is passible to provide powders having bulk densities of less than 0.5 
g/cm^ that exhibit particulariy favorable flow properties. More surprisingly, it has been found that it is possible 
to provide perforated microstructure powders having bulk densities of less than 0.3 g/cm^ or even less than 
about 0.1 g/cm' that exhibit excellent flow properties. The ability to produce low bulk density powders having 
superior fiowability further accentuates the novel and unexpected nature of the present invention. 

In addition, it will be appreciated that the reduced attractive forces (e.g. van der Waals, 
electrostatic, hydrogen and liquid bonding, etc) and excellent fiowability provided by the perforated microstructure 
powders make than particulariy useful in preparations for inhalation therapies (e.g. in inhalation devices such as 
DPIs, MDIs, nebulizers). Along with the superior fiowability, the perforated or porous and/or hollow design of 
the microstructures also plays an important role in the resulting aerosol properties of the powder when 
discharged. This phenomenon holds true for perforated microstructures aerosolized as a suspension, as in the 
cese of an MDI or a nebiiizer, or delivery of perforated microstructures in dry form as in the case of a DPI. In 
this respect the perforated structure and relatively Hqh surface area of tiie dispersed microparticles enables them to 
be carried along in the flow of gases during inhalation with greater ease for longer distances than non-perforated 
particles of comparable size. 

More particularly, because of their high porosity, the density of the particles is significantly less than 
1.0 g/cml typically less than 0.5 g/cm^ more often on the order of 0.1 g/cml and as low as 0.01 qlm\ 
Unlike the geometric particle size, the aerodynamic particle size, d^^^, of the perforated microstructures 
depends substantially on the partide density, p : d^^ = d^^p, where d is the geometric diameter. 
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For a particle density of 0.1 g/cm^ d^^ will be roughly three times smaller than d^^, leedng to increased 
particle deposition into the peripherel regions of the lung and correspondingly less deposition in the throat. In 
this regard, the mean aerodynamic ifiameter of the perforated microstructures is preferably less than about 5 
//m, more preferably less than about 3 im, and, in particularly preferred embodiments, less than about 2 //m. 
S Such particle distributions will act to increase the deep lung deposition of the bioactive agent whether 
administered using a DPI, MDI or nebulizer. Further, having a larger geometric diameter than aerodynemic 
diameter brings the particles closer to the wall of the alveolus thus increasing the deposition of small 
aerodynamic diameter particles. 

As will be shown subsequently in the Examples, the particle size distribution of the aerosol 

10 formulations of the present invention are measurable by conventional techniques such as, for example, 
cascade impaction or by time of flight analytical methods. In addition, determination of the emitted dose from 
inhalation devices were done according to the proposed U.S. Pharmacopeia method {Pharmacopeia/ Previews, 
^ 22(1996) 3065) which is incorporated herein by reference. These and related techniques enable the "fine 
particle fraction" of the aerosol, which corresponds to those particulates that are likely to effectively 

IS deposited in the lung, to be calculated. As used herein the phrase "fine particle fraction" refers to the 
percentage of the total amount of active medicament delivered per actuation from the mouthpiece of a DPI, 
MDI or nebulizer onto plates 2-7 of an 8 stage Andersen cascade impactor. Based on such measurements the 
formuletions of the present invention will preferably have a fine particle fraction of approximately 20% or 
more by weight of the perforeted microstructures (wfw), more preferebly they will exhibit a fine particle 

20 fraction of from ebout 25% to 80% w/w, end even more preferebly from about 30 to 70% w|w. In selected 
embodiments the present invention will preferably comprise a fine particle frection of greeter than about 
30%, 40%, 50%, 60%, 70% or 80% by weight. 

Further, it has also been found that the formulations of the present invention exhibit relatively low 
deposition rates, when compared with prior art preparations, on the induction port and onto plates 0 and 1 of 

25 the impactor. Deposition on these components is linked with deposition in the throat in humans. More 
specifically, most commercially available MDIs and DPls have simulated throat depositions of approximately 
40-70% (w/w) of the total dose, while the formulations of the present invention typically deposit less than 
about 20% w/w. Accordingly, preferred embodiments of the present invention have simulated throat 
depositions of less than about 40%, 35%, 30%, 25%, 20%, 15% or even 10% w/w. Those skilled in the art 

30 will appreciate that significant decrease in throat deposition provided by the present invention will result in a 
corresponding decrease in associated local side-effects such as throat irritation and candidiasis. 

With respect to the advantageous deposition profile provided by the instant invention it is well 
known that MDI propellants typically force suspended particles out of the device at a high velocity towards 
the back of the throat. Since prior art formulations typically contain a significant percentage of large 

33 particles and/or aggregates, as much as two-thirds or more of the emitted dosa may impact the throat. 
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MoreovBr, the undesirabts dsiivery profile of conventional powder preparations is also exhibited under 
conditions of low particle velocity, as occurs with DPI devices. In general, this proUem is inherent when 
aerosolizing solid, dense, particuletes which are subject to aggregation. Yet, as discussed above, the novel 
and unexpected properties of the stabilized dispersions of the present invention result in surprisingly low 
S throat deposition upon administration from inhalation device such as a DPI, MDI atomizer or nebulizer. 

While not wishing to be bound by any particular theory, it appears that the reduced throat 
deposition provided by the instant invention results from decreases in particle aggregation and from the 
hdiow and/or porous morphology of the incorporated microstructures. That is, the hollow and porous nature 
of the dispersed microstructures slows the velocity of pertides in the propellent stream (or gas stream in the 

10 case of DPIs), just as a hollow/porous whiffle ball decelerates faster than a baseball. Thus, rather than 
impacting and sticking to the back of the throat, the relatively slow traveling particles are subject to 
inhalation by the patient. Moreover, the Mghly porous nature of the particles allows th propeilant within the 
perforated microstructure to rapidly leave and the particle density to drop before impacting the throat. 
Accordingiy, a substantially higher percentage of the administered bioactive agent is deposited in the 

1 S pulmonary air passages where it may be efficiently absorbed. 

With respect to inhalation therapies, those skilled in the art will appreciate that the perforated 
microstructure powders of the present invention are particularty useful in DPIs. Conventional DPIs, or dry powder 
inhalers, comprise powdered fonnulations and devices where a predetemiined dose of medicament, either alone or in 
a blend with lactose carrier particles, is delivered as a fine mist or aerosol of dry powder for inhalation. The 

20 medcament is f omiulated in a way such that it readily disperses into discrete particles with a size rage between 0.5 
to 20 /ym. The powder is actuated either by inspiration or by some external ddivery force, such as pressunzed air. 
DPI fonnulations are typically packaged in single dose units or they employ reservoir systems capable of metering 
multiple doses with manual transfer of the dose to the device. 

DPIs are gently classified based on the dose delivery system employed. In this respect, the two major 

25 types of DPIs comprise unit dose delivery devices and bulk reservoir delivery systems. As used herein, the tenn 
"reservoir** shall be used in a general sense and held to encompass both configurations unless othenAnse cfictated by 
contextual restraints. In any event unit dose delivery systems require the dose of powder formulation presented to 
the device as a single unit. With this system, the fornidation is prefiiled into dosing wells which may be foil-packaged 
or presented in blister strips to prevent moisture ingress. Other unit dose packages include hard gelatin capsules. 

30 Most unit dose containers designed for DPIs are filled using a fixed volume technique. As a result, there are 
physical limitations (here density) to the minimal dose that can be metered into a unit package, which is 
dictated by the powder fiowability and bulk density. Currently, the range of dry powder that can be filled 
into a unit dose container is in the range of 5 to 15 mg which corresponds to drug loading in the range of 25 
to 500/yg per dose. Conversely, bulk reservoir delhrery systems provide a precise quantity of powder to be 

35 metered upon individual delivery for up to approximately 200 doses. Again like the unit dose systems, the 
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powder is metered using a fixed volume cell or chamber that the powder is filled into. Thus, the density of the 
powder is a major factor limiting the minimal dose that can be delivered with this device. Currently bulk 
reservoir type DPIs can meter between 200iug to 20 mg powder per actuation. 

DPIs are designed to be manipulated such that they break open the capsulelblister or to load bulk 
S powder during actuation, followed by dispersion from a mouthpiece or ectuator due to the patient's 
inspiration. When the prior art formulations are actuated from a DPI device the lactoseldrug eggregates are 
aerosolized and the patient inhales the mist of dry powder. During the inhalation process, the carrier particles 
encounter shear forces whereby some of the micronized drug particles are separated from the lactose 
particulate surface. It will be appreciated that the drug particles are subsequently carried into the lung. The 

10 large lactose particles impact the throat and upper airways due to size and inertial force constraints. The 
efficiency of delivery of the drug particles is dictated by their degree of adhesion with the carrier particles 
and their aerodynamic property. 

Deaggregation can be increased through formulation, process and device design improvements. For 
example fine particle lactose (FPL) is often mixed with coarse lactose carriers, wherein the FPL will occupy 

1 5 high-energy bincfing sites on the carrier particles. This process provides more passive sites for adhesion of the 
micronized drug particles. This tertiary blend with the drug has been shown to provide statistically significant 
increases in fine particle fraction. Other strategies include specialized process conditions where drug particles 
are mixed with FPL to produce agglomerated units. In order to further increase particulate deposition, many 
DPIs are designed to provide deaggregation by passing the dosage form over baffles, or through tortuous 

20 channels that disrupts the flow properties. 

The addition of FPL, agglomeration with FPL and specialized device design provides an improvement 
in the deaggregation of formulations, however, the clinically important parameter is the fine particle dose 
received by the patient. Though improvements in deaggregation can be provided, a major problem still exists 
with current DPI devices in that there is an increase in respirable dose with an increased inspiratory effort. 

25 This is a result of an increased fine particle fraction corresponding to the increased disaggregation of particle 
agglomerates as the airflow increases through the inhaler with increasing inspiratory effort. Consequently 
dosing accuracy is compromised leading to complications when the devices are used to administer highly 
efficacious drugs to sensitive populations such as children, adolescents and the elderly. Moreover, the dosing 
inaccuracy associated with conventional preparations could complicate regulatory approval. 

30 In staric contrast, the perforated microstructure powders of the present invention obviate many of the 

difficulties essodated with prior art earner preparations. That is, an improvement in DPI perfomiance may be 
provided by engineering the particle, size, aerodynamic^ morphology and density, as well as control of humidity and 
charge. In this respect the present invention provides formulations wherein the medicament end the incipients 
or bulking agents are preferably associeted with or comprise the perforeted microstructures. As set forth 

35 above, preferred compositions according to the present invention typically yield powders with bulk densities 
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less than 0.1 gfcm^ and often less than 0.05 gfcml It will be appreciated that proviifing powders having bulk 
densities an order of a magratude less than conventional DPI formulations allows for much lower doses of the 
selected bioactive agent to be fiOed into a urot dose container or metered via reservoir-based DPIs. The ability 
to effectively meter small quantities is of particular importance for low dose steroid, long acting 
S bronchocSlators and new protein or peptide medcaments proposed for DPI delivery. Moreover, the ability to 
effectively deliver particulates without associated carrier particles simplifies product formulation, filling and 
reduces undesirable side effects. 

As discussed above, the hallow porous powders of the present Invention exhibit superior flow properties 
as measured by the angle of repose or shear index methods desciibed herda with respect to equivalent powders 

10 substantially devoid of pores. That is, superior powder flow, wl^ch appears to be a function of bulk density and 
partide morphology, is observed where the powders have a bulk density less than 0.5 g/cm'. Preferably the 
powders have bulk densities of less than about 0.3 g/cm^ 0.1 g/cm' or even less than about 0.05 g/cml In this 
regard, it is theorized that the perforated microstnictures comprising pores, voids, hollows, defects or other 
interstitial spaces contribute to powder flow properties by reducing the surface contact area between particles and 

1 S minimizing interpartide forces. In addition, the use of phospholipids in prefen^d embodiments and retention of 
fluorinated blowing agents may also contribute to Improvements In the flow properties of the powders by tempering 
the charge and strength of the electrostatic forces as wdl as mdsture content. 

In addition to the aforementioned advantages, the disdosed powders exhibit favorable eerodynamic 
properties that make them particularly effective for use in DPIs. More specifically, the perforated stnjcture 

20 and relatively Ngh surface area of the micropartides enables them to be carried along in the flow of gases during 
inhalation with greater ease and for longer distances than relatively non-perforated partides of comparable size. 
Because of their high porosity and low density, administration of the perforated microstructures with a DPI 
provides for increased particle deposition into the peripheral regions of the lung and correspondingly less 
deposition in the throat. Such particle distribution acts to increase the deep lung deposition of the 

25 administered agent which is preferable for systemic administration. Moreover, in a substantial improvement 
over prior art DPI preparations the low-density, highly parous powders of the present invention preferably 
eliminate the need for carrier particles. Since the large lactose carrier particles will impact the throat and 
upper ainAfays due to their size, the elimination of such particles minimizes throat deposition and any 
associated "gag" effect associated with conventional DPIs. 

30 Along with their use in a dry powder configuration, it will be appreciated that the perforated 

microstructures of the present invention may be incorporated in a suspension medium to provide stabilized 
dispersions. Among other uses, the stabilized dispersions provide for the effective delivery of bioactive 
agents to the pulmonary air passages of a patient using MDIs, nebulizers or liquid dose instillation (LDI 
techniqi^sl. 
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As with the DPI embocSmentSr Administration of a bioective agent using an NIDI, nebiiizer or LDI technique 
may be indicated for the treatment of mild moderate or severe, acute or chronic symptoms or for prophylactic 
treatmOTt. Moreover, the bioective agent may be adnrinistered to treat local or systemic condtions or disorders. It 
wOl be appreciated that, the precise dose administered will depend on the ege and condition of the patient, the 
particular mecfcament used and the frequency of edmiristration, and will ultimately be et the discretion of the 
attendant physiden. When combinations of bioactive egents are employed, the dose of each component of the 
combination will generally be that employed for each component when used alone. 

Those skilled in the art will eppreciate the enhanced stability of the disclosed dispersions or 
suspensions is Isrgely achieved by lowering the van der Weals attractive forces between the suspended 
particles, end by reducing the differences in density between the suspension medium and the particles. In 
accordance with the teachings herein, the increases in suspension stability may be imparted by engineering 
perforated microstructures which are then dispersed in a compatible suspension medium. As discussed 
above, the perforated microstructures comprise pores, voids, hollows, defects or other interstitial spaces that 
allow the fluid suspension medium to freely permeate or perfuse the particulate boundary. Particularly 
preferred embodiments comprise perforated microstructures that are both hollow end porous, almost 
honeycombed or foam-like in appeerence. In especially preferred embodiments the perforated microstructures 
comprise hollow, porous spray dried microspheres. 

When the perforated microstructures are placed in the suspension medium (i.e. propellant), the 
suspension medium is able to permeate the particles, thereby creating a "homodispersion", wherein both the 
continuous and dispersed phases are indistinguishable. Since the defined or "wrtual" particles (i.e. comprising 
the volume circumscribed by the microparticulate matrix) are made up almost entirely of the medium in which 
they are suspended, the forces driving particle aggregation iflocculstion) ere minimized. Additionally, the 
differences in density between the defined particles and the continuous phase are minimized by having the 
microstructures filled with the medium, thereby effectively slowing particle creaming or sedimentation. As 
such, the perforated microspheres and stabilized suspensions of the present invention are particulariy 
compatible with many aerosoiization techniques, such as MDI and nebulization. Moreover, the stabilized 
dispersions may be used in liquid dose instillation applications. 

Typical prior art suspensions (e.g. for MDIsl comprise mostly solid particles and small amounts 
|<1% w/wl of surfactant (e.g. lecithin, Span-85, oleic acid) to increase electrostatic repulsion between 
particles or polymers to sterically decrease particle interaction. In sharp contrast, the suspensions of the 
present invention are designed not to increase repulsion between particles, but rather to decrease the 
attractive forces between particles. The principal forces driving flocculation in nonaqueous medie are van der 
Waals attractive forces. As discussed above, VDW forces are quantum mechanical in origin, and can be 
visualized as attractions between fluctuating dipoles (i.e. induced dipole induced dipole interectionsl. 
Dispersion forces are extremely short-range and scale as tfie sixth power of the distance between atoms. 
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When two macroscopic bodies approach one another the dispersion attractions between the atoms sums up. 
The resulting force is of considerebly longer range, and depends on the geometry of the interacting bodies. 

More specifically, for two spherical particles, the magnitude of the VDW potential, , can be 
approximated by: y _ "^ejr where Ay\s the effective Hemaker constant which 

' 6H, (R, + R^) 

5 accounts for the nature of the particles and the medium, ^ is the distance between particles, and and 
/?2 are the radii of spherical particles 1 and 2. The effective Hemaker constant is proportional to the 
difference in the polarizabilities of the dispersed particles and the suspension medium: 
PART where and Ap^^^^. are the Hemaker constants for the suspension 
medium and the particles, respectively. As the suspended particles and the dispersion medium become similar 

10 in nature, A^^^ and /ip^^y become closer in magnitude, and A^j^ and become smaller. That is. by 
reducing the differences between the Hemaker constant associated with suspension medium and the 
Hamaker constant associated with the dispersed particles, the effective Hemaker constant land 
corresponding van der Waals attractive forces) may be reduced. 

One way to minimize the differences in the Hamaker constents is to create a "homodispersion", that 

15 is make both the continuous and dispersed phases essentially indistinguishable as discussed above. Besides 
exploiting the morphology of the particles to reduce the effective Hamaker constant, the components of the 
structural matrix (defining the perforated microstructures) will preferably be chosen so as to exhibit a 
Hamaker constant relatively close to that of the selected suspension medium. In this respect, one may use 
the actual values of the Hamaker constants of the suspension medium and the particulate components to 

20 determine the compatibility of the dispersion ingredients and provide e good indication as to the stability of 
the preparation. Alternatively, one could select relatively compatible perforated microstructure components 
and suspension mediums using characteristic physical values that coincide with measurable Hamaker 
constants but are more readily discernible. 

In this respect, it has been found that the refractive index values of many compounds tend to scale 

25 with the corresponding Hamaker constant. Accordingly, easily measurable refractive index values may be 
used to provide a fairly good indication as to wMch combination of suspension medium and particle exclpients 
will provide a dispersion having a relatively low effective Hamaker constant and associated stability. It will 
be appreciated that, since refractive indices of compounds are widely available or easily derived, the use of 
such values allows for the formation of stabilized dispersions in accordance with the present invention 

30 without undue experimentation. For the purpose of illustration only, the refractive indices of several 
compounds compatible with the disclosed dispersions are provided in Table I immediately below: 

Table I 
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Compound 


Refractive Index 


HFA-134a 


1.172 


HFA-227 


1.223 


CFC.12 


1.287 


CFC.114 


1.288 


PFOB 


1.305 


Mannitol 


1.333 


Ethanol 


1.361 


n-octane 


1.397 


DMPC 


1.43 


Pluronic F-68 


1.43 


Sucrose 


1.538 


Hydroxyethylstarch 


1.54 


Sodium chloride 


1.544 



Consistent with the compatible dispersion components set forth above, those sicilled in the art will 
appreciate that, the formation of dispersions wherein the components have a refractive index differential of 
less than about 0.5 is preferred. That is, the refractive index of the suspension medium will preferably be 

20 within about 0.5 of the refractive index associated with the perforated particles or microstructures. It will 
further be appreciated that, the refractive index of the suspension medium and the partides may be measured 
directly or approximated using the refractive indices of the major component in each respective phase. For 
the perforated microstructures, the major component may be determined on a weight percent basis. For the 
suspension medium, the major component will typically be derived on a volume percentage basis, in selected 

25 embodiments of the present invention the refractive index differential value will preferably be less than about 
0.45, about 0.4, about 0.35 or even less than about 0.3. Given that lower refractive index differentials imply 
greater dispersion stability, particularly preferred embodiments comprise index differentials of less than about 
0.28, about 0.25, about 0.2, about 0.15 or even less than about 0.1. It is submitted that a skilled artisan will 
be able to determine which excipients are particularly compatible without undue experimentation given the 

30 instant disclosure. The ultimate choice of preferred excipients will also be influenced by other factors, 
including biocompatibility, regulatory status, ease of manufacture, cost. 

As discussed above, the minimization of density differences between the particles and the 
continuous phase is largely dependent on the perforated and/or hollow nature of the microstructures, such 
that the suspension medium constitutes most of the particle volume. As used herein, the term "particle 

35 volume" corresponds to the volume of suspension medium that would be displaced by the incorporated 
hollow/porous particles if they were solid, i.e. the volume defined by the particle boundary. For the purposes 
of explanation, and as discussed above, these fluid filled particulate volumes may be referred to as "virtual 
particles." Preferably, the average volume of the bioactive agentlexcipient shell or matrix (i.e. the volume of 
medium actually displaced by the perforated microstructure) comprises less than 70% of the average particle 

40 volume (or less than 70% of the virtual particle). More preferably, the volume of the microparticutate matrix 
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comprises less than about 50%, 40%, 30% or even 20% of the average particle volume. Even more 
preferably, the average volume of the shell/matrix comprises less than about 10%, 5%, 3% or 1% of the 
average particle volume. Those skilled in the art will appreciate that, such a matrix or shell volumes tytMcally 
contributes little to the virtual particle density which is overwhelmingly dictated by the suspension medium 
5 found therein. Of course, in selected embocSments the exdpients used to form the perforated microstructure 
may be chosen so the density of the resulting matrix or shell approximates the density of the surrounding 
suspension medium. 

It will further be appreciated that, the use of such microstructures will allow the apparent density 
of the virtual particles to approach that of the suspension medium substantially eliminating the attractive van 

10 der Waals forces. Moreover, as previously discussed, the components of the microparticulate matrix are 
preferably selected, as much as possible given other considerations, to approximate the density of suspension 
medium. Accordingly, in preferred embodiments of the present invention, the virtual particles and the 
suspension medium will have a density differentia! of less than about 0.6 g/cm^ That is, the mean density of 
the virtual particles (as defined by the matrix boundary) will be within approximately 0.6 gfcm^ of the 

15 suspension medium. More preferably, the mean density of the virtual particles will be within 0.5, 0.4, 0.3 or 
0.2 qlcjv? of the selected suspension medium. In even more preferable embodiments the density differential 
will be less than about 0.1, 0.05, 0.01, or even less than 0.005 g/cml 

In addition to the aforementioned advantages, the use of hollow, porous particles allows for the 
formation of free-flowing dispersions comprising much higher volume fractions of particles in suspension. It 

20 should be appreciated that, the formulation of prior art dispersions at volume fractions approaching close- 
packing generally results in dramatic increases in dispersion viscoelastic behavior. Rheoiogicai behavior of 
this type is not appropriate for MDI applications. Those skilled in the art will appreciate that, the volume 
fraction of the particles may be defined as the ratio of the apparent volume of the particles (i.e. the particle 
voiumel to the total volume of the system. Each system has a maximum volume fraction or packing fraction. 

25 For example, particles in a simple cubic arrangement reach a maximum packing fraction of 0.52 while those in 
a face centered cubic/hexagonal dose packed configuration reach a maximum packing fraction of 
approximately 0.74. For non-spherical partides or polydisperse systems, the derived values are different. 
Accordingly, the maximum packing fraction is often considered to be an empirical parameter for a given 
system. 

30 Here, it was surprisingly found that the porous structures of the present invention do not exhibit 

undesirable viscoelastic behavior even at high vdume fractions, approaching close packing. To the contrary, 
they remain as free flowing, low viscosity suspensions having little or no yield stress when compared with 
analogous suspensions comprising solid participates. The low viscosity of the disdosed suspensions is 
thought to be due, at least in large part, to the relatively low van der Waals attraction between the fluid-faied 

35 hollow, porous partides. As such, in sdected embodiments the volume fraction of the cfisdosed dispersions is 
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greater than approximately 0.3. Other embodiments may have packing values on the order of 0.3 to about 
0.5 or on the order of 0.5 to about 0.8, with the higher values approaching a close packing condition. 
Moreover, as particle sedimentation tends to naturally decrease when the volume fraction approaches dose 
packing, the formation of relatively concentrated dispersions may further increase formulation stability. 

S Although the methods and compdsitions of the present Invention may be used to form relatively 

concentrated suspensions, the stabilizing factors work equally well at much lower packing volumes and such 
dispersions are contemplated as being within the scope of the instant disclosure. In this regard, it will be 
appreciated that, dispersions comprising low volume fractions are extremely difficult to stabilize using prior 
art techrnques. Conversely, dispersions incorporating perforeted microstructures comprising a bioactive 

10 agent as described herein are particularly stable even at low volume fractions. Accordingly, the present 
invention allows for stabilized dispersions, and particularly respiratory dispersions, to be formed and used at 
volume fractions less than 0.3. In some preferred embodiments, the volume fraction is approximately 0.0001 
• 0.3, more preferably 0.001 -0.01. Yet other preferred embodiments comprise stabilized suspensions having 
volume fractions from approximately 0.01 to approximately 0.1. 

IS The perforated microstructures of the present invention may also be used to stabilize dilute 

suspensions of micronized bioactive agents. In such embodiments the perforated microstructures may be 
edded to increase the volume fraction of particles in the suspension, thereby increasing suspension stability to 
creaming or sedimentation. Further, in these embodiments the incorporated microstructures may also act in 
preventing close approach (aggregation) of the micronized drug particles. It should be appreciated that, the 

20 perforated microstructures incorporated in such embodiments do not necessarily comprise a bioactive agent. 
Rather, they may be formed exclusively of various excipients, including surfactants. 

Those skilled in the art will further appreciate that the stabilized suspensions or dispersions of the 
present invention may be prepared by dispersal of the microstructures in the selected suspension medium 
which may then be placed in a container or reservoir. In this regard, the stabilized preparations of the present 

25 invention cen be made by simply combining the components in sufficient quantity to produce the final desired 
dispersion concentration. Although the microstructures readily cfisperse without mechanical energy, the 
application of mechanical energy to aid in dispersion |e.g. with the aid of sonication) is contemplated, 
particularly for the formation of stable emulsions or reverse emulsions. Alternatively, the components may be 
nuxed by simple shaking or other type of agitation. The process is preferably carried out under anhydrous 

30 conditions to obviate any adverse effects of moisture on suspension stability. Once formed, the (Espersion has 
a reduced susceptibSity to flocculation and sedimentation. 

As indcated throughout the instant specification, the dispersions of the present invention are preferably 
stabiized. In a broad sense; the temi "stabilized dispersion" will be held to mean any dispersion that resists 
aggregation, flocculation or creaming to the extent reqtnred to provide for the effective delivery of a bioactive agent 

3 S While those skiDed in the art will appreciate that there are several methods that may be used to assess the stability 
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of a given cfispersioii a preferred method for the purposes of the present invention comprises detenninatian of 
creaming or sedvnentation tme using a dynamic photosedimentation method. As seen In Exonple IX and fipre 2, a 
prefenred method comprises subjecting suspended particles to a centrifugal force and measuring absorbance of 
the suspension as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability. It is submitted that those skilled in the art wifl be able to adapt the procedure to specific 
suspensions without undue experimentation. 

For the purposes of the present invention the creaming time shall be defined as the time for the suspended 
dnig particulates to cream to 1/2 the volume of the suspension medium. Similariy. the seifimentetion time may be 
defined as the time it takes for the particulates to seifiment in 1/2 the volume of the liqud medura. Besides the 
photosedimentation technique described abova, a rejativeiy simple way to determine the creaming time of a 
preparation is to provide the particulate suspension in a sealed glass vial. The vials are agitated or shaken to provide 
relatively homogeneous Aspersions which are then set aside and observed using appropriate instrumentation or by 
visual inspection. The time necessary for the suspended particulates to cream to 1/2 the volume of the suspension 
medum (i.e., to rise to the top half of the suspension mediumi, or to sediment witiiin 1/2 the volume (i.e, to settie in 
the bottom 1/2 of the metfiuml is then noted. Suspension fomiulations having a creaming time greater than 1 minute 
are preferred and indcate suitable stability. More preferably, the staWGzed dispersions comprise creaming tones of 
greater than 1, 2, 5, 10, 15, 20 or 30 minutes. In particuiariy preferred embotfiments, the stabilized dispersions 
exhibit creaming times of greater than about 1, 1.5, Z 2.5, or 3 hours. Substantially equivalent periods for 
segmentation times are indcative of compatible dispersions. 

As dscussed herein, the stabilized dispersions disclosed herein may preferably be administered to the nasal 
or pulmonary air passages of a patient via aerosolization, such as with a metered dose inhaler. The use of such 
stabilized preparations provides for superior dose reproducibility and improved lung deposition as described above. 
MDis are well known in the art and could easily be employed for administration of tiie claimed dispersions without 
undue experimentation. Breath activated MDIs, as wdl as those comprising other types of improvements which 
have been, or wSI be, developed are also compatible with the stabilized cfispersions and present im/ention and, as 
such, are contemplated as being with in the scope thereof. However, it should be emphasized that, in preferred 
embedments, the stabilized dspersions may be administered with an MDI using a number of dfferent routes 
indudng, but not Emited to, topical, nasal, pulmonary or oral. Those skiDed in the art will appreciate that, such routes 
are well known and that the dosing and administration procedures may be easily derived for the stabiBzed dspersions 
of the present invention. 

MDI canisters generally comprise a container or reservoir capable of withstanding the vapor pressure of 
the propellent used such as, a plastic or plastic-coated glass bottie, or preferably, a metal can or, for example, en 
aluminum can which may optionally be anodzed, lacquer-coated and/or plastic-coated, wherein the container is 
closed with a metering valve. The metering valves are designed to deliver a metered amount of the fomiulation per 
actuation. The valves incorporate a gasket to prevent leakage of propellent through the valve. The gasket may 
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compriss any sutaUe elastomeric materid such as; for example, low density pdyethylane, chlorobutvl. Hack and 
white butacf ene-acrytonitn1e rubbers, butyl rubber and neoprene. Suitabia valves are commerciaDy availabia from 
manufacturers waD known in the aerosol industry, for example, from Valois, Franca (e^. DRO, DF30, OF 31 /50 ACT, 
DF60), Bespak pte, LTK (e^. BKSOO, BK356) and SM-Neotechrvc Ltd^ UK (e.g. Spraymiseri. 

Each fSled canister is conveniently fitted into a siitafale channeling device or actuator prior to use to forni a 
metered dose inhaler for edministration of the medicament into the hings or nasal cavity of a patient. SiitaUe 
channeling devices comprise for example a valve actuator and a cyfindrical or cone-like passage through which 
medcament may be delivered from the filled canister via the metering vahre^ to the nose or mouth of a patient ag^ a 
mouthpiece actuator. Metered dose inhalers are designed to delhrer a fixed unit dosage of medicament per actuation 
such as, for example, in the range of 10 to 5000 nncrograms of bioactive agent per ectuation. TyfHcally, e single 
charged canister will provide for tens or even hundreds of shots or doses. 

With respect to MDIs, It is an advantage of the present Invention that any biocompatible suspension 
medum having adequate vapor pressure to act as a propeltant may be used. Particulariy preferred suspension metfia 
are compatible with use in a metered dose Inhaler. That is, they will be able to fomi aerosols upon the activation of 
the metering valve and associated release of pressure in general, the selected suspension medium should be 
biocompatible (i.e. relatively non toxici and non-reactive with respect to the suspended perforated microstmctures 
comprising the bioactive agent. Preferably, the suspension medum will not act as a substantia solvent for any 
components incorporated in the perforated microspheres. Selected embodiments of the invention comprise 
suspension media selected from the group consisting of fiuorocarbons (including those substituted vwth other 
halogens), hydrofluoroalkanes, perfluorocarfaons, hydrocarbons, alcohols, ethers or combinations thereof. It will be 
appreciated that, the suspension medium may comprise a mixture of various compounds selected to impart spediic 
characteristics. 

Particulariy suitable propellants for use in the MDI suspension mediums of the present invwition are those 
propellent gases that can be liquefied under pressure at room temperature and, upon inhalation or topical use, are 
safe, toxlcologically innocuous and free of side effects. In this regard, compatible propellants may comprise any 
hydrocarbon, fluorocarbon, hydrogen-containing fluorocarbon or mixtures thereof having a suffident vapor 
pressure to effidently form aerosols upon activation of a metered dose inhaler. Those propellants typically 
termed hydrofluoroalkanes or HFAs are espedally compatible. Suitable propellants include, for example, short 
chain hydrocarbons. Cm hydrogen-conteining chlorofluorocarbons such as CH2CIF, CCI2F2CHCIF, CF3CHCIF, 
CHF2CCIF2, CHCIFCHF2, CFaCHjCI, and CCIF2CH3; C,4 hydrogen-containing fiuorocarbons le,g. HFAs) such es 
CHF2CHF2, CF3CH2F, CHF2CH3, and CF3CHFCF3; and perfluorocarfaons such as CF3CF5 and CFjCFjCF,. 
Preferably, a single perfluorocarbon or hydrogan-containing fluorocarbon is employed as the propellent. 
Particulariy preferred as propellants are 1,1,1,2-tBtrafluoroethanB (CFjCHjF) (HFA-134a| and 1,1,1,2,3,3,3- 
heptafluoro-n-propana (CF3CHFCF3I IHFA.227), perfluomethane, monochlorodifluoromethane, l,1.difluoroethane, 
and comUnations thereof. It is desirable that the formulations contain no components that deplete 
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stratospheric ozone. In particular it is desirable that the formulations are substantially free of 
chlorofluorocarbons such as CCIaF, CCIjFj, and CFgCCIa. 

Specific fluorocarbons, or classes of fluorinated compounds, that are useful in the suspension media 
iiriude, but are not rtmited to, fluoroheptane, fluorocydoheptane, fluoromBthyicycloheptanQ, fluorohexane, 
fluorocydohexane, fluoropentane, fluorocydopentane, fluoromethyicydopentane, fiuorodmethylcydopentane?, 
fluoromethylcydobutan^ fluorodimethylcydobutane, fluorotrimethyicyclobutane, fluorobutane, fluorocydobutan^ 
fluoropropane, fiuoroethers, fiuoropdyathers and fiuorotriethylamines. It will be appredated that these compounds 
may be used done or in combination with more volatile propellents. It is a cfistinct advantage that sudi compounds 
are generaOy environmentally sound and tsdogicdly non-reactive. 

In adtfition to the aforementioned fluorocarbons and hydrofluoroalkanes. various 
chlorofluorocarbons and substituted fluorinated compounds may also be used as suspension mediums in 
accordance with the teachings herein. In this respect, FC-11 (CCL3R, FC-llBI (CBrCI2R, FC-11B2 
(CBr2CIF|, FC12B2 (CF2Br2l FC21 (CHCI2F), FC21B1 ICHBrCIF), FC.21B2 (CHBr2F|, FC-31B1 (CH2BrF). 
FC113A (CCI3CF3K FC122 (CCIF2CHC12I, FC.123 {CF3CHCI2I, FC.132 (CHCIFCHCIF), FC.133 ICHCIFCHF21 
FC.141 |CH2ClCHCia FC-MIB |CCI2FCH3h FC<142 (CHF2CH2CII FC-IBl (CH2FCH2CII FC.152 
lCH2FCH2a FC-in2(CCIF-CCia FC.1121 jCHCI-CFCi) and FC-1131 (CHCI-CHFI are all compatible with 
the teachings herein despite possible attendant environmental concerns. As such, each of these compounds 
may be used, done or in combination with other compounds (i.e. less vdatile fluorocarbons) to form the 
stabilized respiratory dispersions of the present invention. 

Along with the aforementioned embodiments, the stabilized dispersions of the present invention may 
also be used in conjunction with nebulizers to provide an aerosolized medicament that may be administered to 
the pulmonary air passages of a patient in need thereof. Wd)dizers are wefl known in the art and couid easily be 
employed for administration of the daimed (fispersions without undue experimentation. Breath activated nebulizers, 
as well as those comprising other types of improvements which have been, or will be, developed are dso compatible 
with the stabilized tSspersions and present invention and am contemplated as being with in the scope thereof. 

Nebdizers work by forming aerosols, that is converting a biik liquid into small droplets suspended in a 
breathable gas. Here, the aerosdized meificament to be atfanirsstered (preferably to the pulmonary air passagesi will 
comprise small droplets of suspension metfium assodated with perforated microstructures comprising a bioactive 
agent. In such embodiment^ the stabilized dispersions of the present invention will typically be placed in a fluid 
reservoir operably assodated with a nebulizer. The spedfic volunes of preparation provided, means of filling the 
reseivdr, etc, wiO largdy be dependent on the selection of the individual nebulizer and is well within the purview of 
the skiDed artisan. Of course, the present invention is entirely compatible with single-dose nebulizers and mdtiple 
dose nebulizers. 

Tradtional prior art nebulizer preparations typically comprise aqueous sdutions of the selected 
phannaceuticd compound. With sudi prior ert nebulizer preparations, it has long been established that corruption of 
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the incorporated therapeutic compound can severely reduce efficacy. For example; with conventional aqueous multi- 
dose nebuSzer preparation^ bacterial contamination is a constant problem. In addition, the soluUlized medicament 
may predpitate out or degrade over time, adversely affecting the delivery profile. TKs is perticulariy true of larger, 
more labile Uopdymers such as enzymes or other types of proteins. Predpitation of the incorporated bioactive agent 
S may lead to pertide growth that results in a substantid reduction in lung penetration and a conresponding decrease in 
bioavdlafailitY. Such dosing incongmities markedly decrease the effectiveness of any treatment. 

The present invention overcomes these and other difficulties by providing stabilized dispersions with 
a suspension medium that preferably comprises a fluorinated compound |i.e. a fiuorochemicat fluorocarbon or 
perfluorocerbonl. Perticulariy preferred embodiments of the present invention comprise fluorochemicals that are 

1 0 liqud at room tempereture. As indicated above, the use of such compounds, whether es a continuous phase or, as 
a suspension medium, provides severd edvantages over prior art liqdd inhdation preparations. In ths regard, it is 
wdl estabiishsd that many fluorochemicds have a proven history of safety and biocompatibifity in the lung. Further, 
in contrast to aqueous sdutions, fluorocherhicds do not negativdy impact gas exchange following pdmonary 
achnidstration. To the contrary, they may actualy be aUe to improve gas exchange enl due to their unique 

IS wettability characteristics, are d}le to carry an aerosoGzed stream of partides deepa into the lung, thereby 
improving systemic delivery of the desired phannaceuticd compound. In addition, the rdativdy non-reactive nature 
of fluorochemicds ects to retard any degredation of an incorporated bioactive agent. Hndly, many fluorochenucds 
are dso bacteriostatic thereby decreasing the potentid for microbid growth in ccmpatibie nebulizer devices. 

In any event, nebulizer mediated eerosolization typicdiy requires an input of energy in order to produce the 

20 increased surface area of the droplets and, in some cases, to provide transportation of the atomized or aerosolized 
medcament. One common mode of aerosolization is fordng a stream of fidd to be ejected from a nozzle, whereby 
droplets are formed. With respect to nebulized administration, addtiond energy is usudly imparted to provide 
droplets that will be suffidentiy small to be transported deep into the lungs. Thus, additiond energy is needed, such 
as that provided by a high velocity gas stream or a piezodectric crystd. Two popdar types of nebdizers, jet 

25 nebdizers and dtrasodc nebdizers, rdy on the aforementioned methods of applying addtiond energy to the fldd 
during atomization. 

In tenns of pdmonary ddivery of bioactive agents to the systenuc drculation via nebdization, recent 
research has focused on the use of portable hand-hdd uitrasodc nebulizers, dso referred to as metered sdutions. 
These devices, generally known as sir^le-bolus nebulizers, aerosdize a single bdus of medication in an aqueous 

30 solution with a partida dze effidem for deep lung ddivery in one or two breaths. These devices fall into three broad 
categories. The first category comprises pure piezodectric single-bdus nebdizers such as those described by 
Mutterida et d., (J. Aerosd Med. 1988; 1:231). In another category, the desired aerosd doud may be generated 
by nncrochannd extruaon dngle-bdus nebdizers such as those described in U.S. Pat. No. 3,812,854. RnaOy, a third 
category comprises devices exemplified by Robertson, et. d., (WO 82/11050) which describes cydic pressurization 

3 S dngle-bolus nebdizers. Each of the aforementioned references is incorporated herdn in thdr entirety. Most devices 

-41- 



wo 99/16419 



PCT/US98/20602 



are manuaDy actuated but sum devices exist which are iireath actuated. Breath actuated devices work by 
releasing aerosol when the deuce senses the patient inhding through a circuit. Breath actuated nebuTizere may also 
be placed in-line on a ventOator drcut to rdease aerosol into the air flow which comprises the inspiretion gases for a 
patient. 

S Regardless of which type of nebulizer is employeil it is an advantage of the present invention that 

biocompatible nonaqueous compounds may be used as suspension mecEums. Preferably, they will be able to fonn 
aerosols upon the application of eneigy thereto. In general, the selected suspaision mecium should be UocompatiUe 
ri.e. relatively non-toxic) and non-reacthre with respect to the suspended perforated microstnictures comprising the 
bioBctive agent. Preferred embodimmts comprise suspension metfia selected from the group consisting of 

10 fluorochemicals, fluorocarbons Onduding those substituted vuith other halogens), perfluorocarbons, 
fluorocarbonfliydracarbon diUocks, hydrocarbons, alcohols, ethers, or combinations thereof. It vufl be appreciated 
that the suspension medium may comprise a mbcture of various compounds selected to impart specific 
characteristics. It will also be appreciated that the perforated microstructures are preferably insoluble in the 
suspension medium, thereby providing for stabilized mecicament particles, and effectively protecting a selected 

IS bioactive agent from degradatioa as might occur during prolonged storage in an aqueous solution. In preferred 
emboiiments, the selected suspension mecfium is bacteriostatic. The suspension fomuistion also protects the 
bioBctive egent from degradation during the nebuEzation process. 

As indicated above, the suspension mecfia may comprise any one of e number of different compounds 
including hydrocarbons, fluorocarbons or hydrocarbon/fiuorocarbon diUocks. In generel, the contemplated 

20 hydrocarbons or highly fluorinated or perfiuorinated compounds may be linear, branched or cyclic, saturated or 
unsaturated compounds. Conventional structural derivatives of these fluorochemicals and hydrocarbons are also 
contemplated as being within the scope of the present invention as well. Selected embodments comprising these 
totally or partially fluorinated compounds may contain one or more hetero-atoms andjor atoms of bromine or chlorine. 
Preferably, these fluorochemicals comprise from 2 to 16 carbon atoms and include, but are not Omited to, linear, 

25 cyclic or polycyclic perfluoroalkanes, teslperfluoroalkyilalkenes, perfluoroethers, perfluoroaminBS, perfluoroalkyi 
bromides and perfluoroalkyi chlorides such as dichlorooctane. Particuiariy preferred fluorinated compounds for use in 
the suspension mecfium may comprise perfluoraoctyl bromide CgFiyBr (PFOB or perflubron), dchlorofluoraoctane 
CbF,6CI2. and the hydrofluoroalkane perfluorooctyi ethane CJFyfizH^ (PFOE). With respect to other emboifiment?, the 
use of perfluorohexane or perfluoropentane as the suspension meium is especially prefen'ed. 

30 More generally, exemplary fluorochemicals which are contemplated for use in the present invention 

generally include halogenated fluorochemicals (i.e. C„F2„.,X, XC„F2«X, where n - 2-10, X - Br, CI or I) and, in 
particular, l-bromo-F-butane n-C^FsBr, l-bromo-F-hexane (n-CeFjaBr), 1-bromo-F-heptane (n-CyFjgBr), 1,4-tfibromo-F- 
butane and 1,6-dibramo-F-hexanB. Other useful brominated fluorochmcals are dsdosed in US Patent No. 
3,975,512 to Long and are incorporeted herein by reference. Spedfic fluorochemicals having chloride substituents, 
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such as perfluorooctyl chloride (n-CaFjyCD, 1,8-dicHoro.F-octanB (d-CICbFibCI), l,6-dlchloro-F-h8xanB In-CICeFijCO, and 
1, 4-(fichlor(hF<fautane (n-CIC4FBCI) are also preferred. 

Fluorocarbon^ fhiorocarborhhydrocarbon compounds and halogenated fluorochemicals contairang other 
linkage groups, such as esters, tHoathers and amines are also suitable for use as suspension media in the present 
5 invention. For instance, compounds having the genera! fQtmi% C„Fa,.,0C„F2„„„ or CoFa,.,CH-CHC„F2„.„ (as for 
example C4F9CH-CHC4F9 (F-44E), i-CaFsCH-CHCgFu (FH36a and CeFoCH-CHCeFnlF-eBEl) where n and m are the 
same or different and n and m ere integers from about 2 to about 12 are compatible with teachings herein. Useful 
fluorochemical*hydrocarbon diblock and triUock compounds include those vuith the general formulas C„F2„«rC„H2„„ 
and Cn^7n*fiJ{^u where n - 2-12; m - 2-16 or 0Jii2p*vCJf^CJ^.u where p - 1-12, m - M2 and n - 2-12. 

10 Preferred compounds of this type include C8F,7C2H5. CbF,3C,oH2,/ CbF^CbH,,, CeFnCH-CHCBH,, and 
CbF,7CH-CHC,oH2,. Substituted ethers or polyethers fi.e. XC.Fj,OC„Fj„X, XCFOC^FznOCFzX, where n and m - 14, X 
- Br, CI or II and fluorochanrocal-hydrocarbon ether diblocks or triUocks (i.e. C.F2B*r^C„H2B«,, where n - 2-10; m - 
2-lB or CpH2p.rO-CnF2,-O C„Ha„»i, where p - 2-12, m - M2 end n - 2-12) may also used as well as C„F2„,,0- 
Cnl^2mOCpH2p*i, whoreln a m and p are from M2. Furthermore, dependr^ on the appScation, perfluoroalkylated 

1 5 ethers or polyethers may be compatible with the claimed dispersions. 

Polycydic and cyclic fluorochemicals, such as CiqFib (F-decalin or perfluorodecaOnI, 
perfluoroperhydrophenanthrene, perfluorotetramethylcydohexane IAP-1441 and perfluoro n-butyldecalin are dso 
within the scope of the invention. AdcStionai useful fluarochemicals include perfiuorinated amines, such as F- 
tripropylamine ("FTPA"| and F-tributylamine rPTBA"). F-4^nBthvloctahydroquinoiizine ("FMOQ"), F-N-methyl- 

20 decahydroisoquinoline ("FMIQ1, F-N-methyidecahydroquinoIine ("FHQ1, F-N-cydohexyipyrrdidine ("FCHP") and F-2- 
butyltetrahydrofuran ("FC-TB^or "FC-77"). Still other useful fluorinated compounds include perfluorophenanthrene, 
perfluoromethyidecalin, perfiuorodimethylethylcyclohexane, perfluorodimethyidecalin, perfluorodiethyldBcalin, 
perfluoromethyiadamantane, perfluorodimethyladamantanB. Other contanplated fluorochemicals having nonfluorine 
substituents, such as, perfiuorooctyi hydride, and similar compounds having tfifferent numbers of carbon atoms are 

25 also useful. Those skilled in the art will further appredate that other variously modified fluorochemicals are 
encompassed within the broad definition of fiuorochamical as used in the instant application and suitable for use in 
the present invention. As such, each of the foregoing compounds may be usecl alone or in combination vuith other 
ctHnpounds to fomi the stabilized cfisper^ons of the present invention. 

Spedfic fluorocarbons, or dasses of fluorinated compounds, that may be useful as suspension metfia 

30 indude, but are not limited to, fiuoroheptane, fiuoracydoheptane fluoromethylcycloheptane, fiuorohexane, 
fluorocydohexane, iiuoropentane, fluorocyclopentan^ fluoromethylcydopentane, fluorodmethylcydopentanes, 
fluoromethylcydobutane, fluorodimethylcydobutane, fluorotrimethylcyclobutane, fiuorobutane, fiuorocydobutane, 
fluoropropane, fluoroathers; fluoropdyethers and fluorotriethyiamines. Such compounds are generally 
environmentally sound and are biologicafly non-reactive. 
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WMb any fluid compound capable of produdng an aerosol upon the application of energy may be used in 
conjunction with the present invention, the selected suspension medium will preferably have a vapor pressure less 
than about 5 atmospheres and more preferably less than about 2 atmospheres. Unless otherwise sprcifiecl all vapor 
pressures redtad herein ere measured at 25^C. In other embodiments, preferred suspension media compounds will 
S have vapor pressunss on the order of about 5 torr to about 760 torr, with more preferable compounds having vapor 
pressures on the order of from about 8 torr to about 600 torr, whSe still more preferable compounds will have vapor 
pressures on the order of from about 10 torr to about 350 torr. Such suspension media may be used in conjunction 
with compressed m nebufizers, ultrasonic nebuEzers or with mechanical atomizers to provide effective ventilation 
therapy. Moreover, more volatile compounds may ba mixed with lower vapor pressure components to provide 

10 suspension media having specified physical characteristics selected to further improve stability or enharv:e the 
bioavailability of the dispersed bioactive agent. 

Other embodiments of the present invention drocted to nebufizers will comprise suspension media that boil 
at selected temperatures under ambient conditions (i.e. 1 atm). For example, preferred embocfiments will comprise 
suspension media compounds that boil above O^C, above 5^C, above 10°C, above 15°, or above 20"C. In other 

IS embodiments, the suspension mecfia compound may boil at or above 25''C or at or above SO'^C. In yet other 
embodiments, the selected suspension media compound may boil at or above human body temperature (i.e. 37^C|, 
above 45^*0, 55°C, OB'C, 75°C, 85*»C or above 100°C. 

Along with MDIs and nebulizers, it will be appreciated that the stabilized dispersions of the present 
invention may be used in conjunction with liquid dose instiliation or LDI techniques. Liquid dose instiOation involves 

20 the direct administration of a stabilized dispersion to the lung. In this regard, direct pulmonary administration of 
bioactive compounds is particularly effective in the treatment of disorders especially where poor vascular circulation 
of diseased portions of a lung reduces the effectiveness of intravenous drug delivery. With respect to LDI the 
stabilized dispersions are preferably used in conjunction with partial liquid ventilation or total liquid ventilation. 
Moreover, the present invention may further comprise introducing a therapeuticaliy beneficial amount of a 

25 physiologically acceptable gas (such as nitric oxide or oxygen) into the phannaceutical microdispersion prior to, during 
or following administration. 

For LDI, the dispersions of the present invention may be administered to the lung using a pulmonary 
ddivery condiit. Those skilled in the art will appreciate the term "pulmonary delivery conduit", as used herein, 
shall be construed in a broad sense to comprise any device or apparatus, or component thereof, that provides 

30 for the instillation or administration of a liquid in the lungs. In this respect a pulmonary delivery conduit or 
delivery conduit shall be held to mean any bore, lumen, catheter, tube, conduit, syringe, actuator, mouthpiece, 
endotracheal tube or bronchoscope that provides for the administration or instillation of the disclosed 
dispersions to at least a portion of the pulmonary air passages of a patient in need thereof. It will be 
appreciated that the delivery conduit may or may not be associated with a liquid ventilator or gas ventilator. 
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In particulariy preferred embodiments the delivery conduit shall comprise an endotracheal tube or 
bronchoscope. 

Here it must be emphasized that the dispersions of the present invention may be administered to 
ventilated (e.g. those connected to a mechanical ventilator) or nonventilated, patients |e.g. those undergoing 
5 spontaneous respiration). Accordingly, in preferred embodiments the methods and systems of the present 
invention may comprise the use or inclusion of a mechanicai ventilator. Further, the stabilized dispersions of 
the present invention may also be used as a lavage agent to remove debris in the lung, or for diagnostic lavage 
procedures. In any case the introduction of liquids, particularly fluorochemicals, into the lungs of a patient is 
well known and could be accomplished by a skilled ertisan in possession of the instant specification without 

1 0 undue experimentation. 

Those skilled in the art will appreciate that suspension media compatible with LDI techniques are 
similar to those set forth above for use in conjunction with nebulizers. Accordingly, for the purposes of the 
present application suspension media for' dispersions compatible with LDI shall be equivalent to those 
enumerated above in conjunction with use in nebulizers. In any event, it will be appreciated that in 

15 particularly preferred LDI embodiments the selected suspension medium shall comprise a fluorochemical that 
is liquid under ambient conditions. 

It will be understood that in connection with the present invention, the disclosed dispersions are 
preferably administered directly to at least a portion of the pulmonary air passages of a mammal. As used 
herein, the terms "direct instillation'' or "direct administration" shall be held to mean the introduction of a 

20 stabilized dispersion into the lung cavity of a mammal That is, the dispersion will preferably be administered 
through the trachea of a patient and into the lungs as a relatively free flowing liquid passing through a 
delivery conduit and into the pulmonary air passages. In this regard, the flow of the dispersion may be gravity 
assisted or may be afforded by induced pressure such as through a pump or the compression of a syringe 
plunger. In any case, the amount of dispersion administered may be monitored by mechanicai devices such as 

25 flow meters or by visual inspection. 

While the stabilized dispersions may be administered up to the functional residual capacity of the lungs of a 
patient, it will be appreciated that selected embodiments will comprise the pulmonary administration of much smaller 
volumes |e.g. on the order of a milliliter or less). For example, dependng on the disorder to be treated, the volume 
administered may be on the order of 1, 3, 5, 10, 20, 50, 100, 200 or 500 milliliters. In preferred embodiments the 

30 liquid volume is less than 0.25 or 0.5 percent FRC. For particularly preferred embodiments, the liquid volume 
is 0.1 percent FRC or less. With respect to the administration of relatively low volumes of stabilized 
dispersions it will be appreciated that the wettability and spreading characteristics of the suspension media 
(particularly fluorochemicals) will facilitate the even distribution of the bioactive agent in the lung. However, 
in other embodiments it may be preferable to administer the suspensions a volumes of greater than 0.5, 0.75 

35 or 0.9 percent FRC. In any event, LDI treatment as disclosed herein represents a new alternative for critically 
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ill patients on mechanical ventilators, and opens the door for treatment of less ill patients with bronchoscopic 
administration. 

It win eiso be understood that other components can be included in the stabBized dispersions of the present 
imrention. For example, osmotic agents; stabiOzers, chdators, buffers; viscosity modulators, salts, and sugars can be 
added to fine tune the stabai2Bd dispersions for maximum Sfe and ease of administration. Such components may be 
added directly to the suspension mecSum or associated with, or incorporated in, the p»forated microstructures. 
Considerations such as steiiOty, isotoficity, and Uocompatibiiity may govern the use of conventional additives to the 
disclosed compositions. The use of such egents will be understood to those of ordinary skifl in the art and, the 
specific quantities, ratios, end types of agents can be detennined empiricaily without undue experimentation. 

Moreover, while the stabilized dispersions of the present invention are particularly sutable for the 
pulmonary adminislration of bioactive agents, they may also be used for the localized or systemic administration of 
compounds to any location of the body. Accorifingly, it should be emphasized that in preferred embodiments, tiie 
formulations may be administered using a number of different routes includng, but not limited to. the gastrointestinal 
tract, the respiratory tract, topically, intramuscularly, intraperitoneally, nasally, vagindly, rectally. aurally, orally or 
ocular. More generally, the stabilized dispersions of the present invention may be used to (feliver agents topically or 
by administration to a non-pulmonary body cavity. In preferred embedments the body cavity is selected from the 
group consisting of the peritoneum, sinus cavity, rectum, urathra, gastrointestinal tract, nasal cavity, vagina, 
auditory meatus, oral cavity, buccal pouch and pleura. Among otiier indicetions. stabilized dspersions comprising the 
appropriate bioactive agent, (e.g. an antibiotic or an anti-infiammatoryl, may be used to treat infections of the eye; 
sinusitis, infections of the auditory tract and even infections or (fisorders of the gastrointestinal tract. With respect 
to the latter, the dispersions of the present invention may be used to seiectively deliver pharniaceutical compounds to 
the lining of the stomach for the treamient of H. /;>yfl^'infections or other ulcer related disorders. 

With regard to the perforated microstructure powders and stabilized dispersions disclosed herein those 
skilled in the art will appreciate that they may be advantageously supplied to the physician or other health care 
professional, in a sterile, prepackaged or kit form. More particularly, the formulations may be supplied as 
stable powders or preformed dispersions ready for administration to the patient. Conversely, they may be 
provided as separate, ready to mix components. When provided in a ready to use fonr), the powders or 
dispersions may be packaged in single use containers or reservoirs, as well as in multi-use containers or 
reservoirs. In either case, the container or reservoir may be associated with the selected inhalation or 
administration device and used as described herein. When provided as individual components (e.g., as 
powdered microspheres and as neat suspension mediumi the stabilized preparations may then be formed at 
any time prior to use by simply combining the contents of the containers as directed. Additionally, such kits 
may contain a number of ready to mix, or prepackaged dosing units so that the user can then administer them 
as needed. 
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Ahhough preferred embodments of the present invention comprise povyniers end steblGzed dispersions for 
use in phernieceuticBl application^ it will be appredeted that the perforated microstructures end disclosed 
(ispersions may be used for a number of non pharmaceutical appScetions. That i$, the present invention provides 
perforated microstructures which hove e broad range of epplications where e powder is suspended and/or 
S aerosolized. In particular, the present invention is especiaUy effective where an active or bioactive ingredient 
must be dissolved, suspended or solubilized as fast as possible. By increasing the surface area of the porous 
microparticles or by incorporation with smtable excipients as described herein, will result in an improvement in 
disper^bility, andlor suspension stability. In this regard, rapid dspersement applications include, but are not 
linuted to: detergents, (fishwesher detergents, food sweeteners, condiments, spices, mineral flotation 

10 detergents, thickening egents, foliar fertiBzers, phytohormones, insect pheromones, insect repellents, pet 
repellents, pesticides, fungicides, disinfectants, perfumes, deodorants, etc. 

Applications that require finely divided particles in a non-aqueous suspension media [i.e., solid , liquid 
or gaseous) are also contempleted es being iivittnn the scope of the present invention. As explained herein, 
the use of perforated microstructures to provide a "homodispersion" minimizes particle-particle interactions. 

IS As such, the perforated microspheres and stabilized suspensions of the present invention are particutarty 
compatible with applications that require: inorganic pigments, dyes, inks, paints, explosives, pyrotechnic, 
adsorbents, absorbents, catalyst, nucleating agents, polymers, resins, insuletors, fillers, etc. The present 
invention offers benefits over prior art preparations for use in applications which require aerosolization or 
atomization. In such non pharmaceutical uses the preparations can be in the fonn of a liquid suspension (such 

20 as with a propeiiant) or as a dry powder. Preferred embodiments comprising perforated microstructures as 
described herein include, but are not limited to, ink jet printing formulations, powder coating, spray paint, 
spray pesticides etc. 

The foregoing description will be more fully understood with reference to the fallowing Examples. Such 
Examples, are, however, merely representative of preferred methods of practicing the present invention and should 
25 not be read as limiting the scope of the invention. 

I 

Preparation of Hollow Porous Particles of Gentamicin Sulfate bv SDrav-Drvina 

40 to 60ml of the following solutions were prepared for spray drying: 

30 50% w/w hydrogenated phosphatidylchoiine, E-100-3 
(Lipoid KG, Ludwigshafen, Germany) 
50% w|w gentamicin sulfate (Amresco, Solon, OH) 
Perfluorooctylbromide, Perflubron (NMK, Japan) 
Daonized water 

35 

Perforated microstructures comprising gentamicin sulfate were prepared by a spray drying 
technique using a B-191 Mini Spray Drier (BQchi, Flawii, Switzerland) under the following conditions: 
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aspiration: 100%, inlet temperature: 85''C; outlet tempereturB: 6rC; feed pump: 10%; Nz flow: 2,800 L/hr. 
Variations in powder porosity were examined as a function of the blowing agent concentration. 

Ruorocarbon-in-water emulsions of perfluorooctyl bromide containing a 1:1 w/w ratio of 
phosphatidylcholine (PC), and gentamicin sulfate were prepared varying only the PFCfPC ratio. 1.3 grams of 
5 hydrogenated egg phosphstidyichoRne was cfispersed in 25 ml deionized water using en Ultra-Turrax mixer 
(model T-25) et 8000 rpm for 2 to 5 minutes (T - OO-TO^'C). A range from 0 to 40 grams of perflubron was 
added dropwise during mixing (T - GO-yO'^C). After eddition was complete, the fiuorocarbon*in-water emulsion was 
mixed for an adcfitionai period of not less than 4 minutes. The resulting coarse emulsions were then homogenized 
under high pressure with an Avestin (Ottewa, Canada) homogenizer et 15,000 psi for 5 passes. Gentanndn sulf ete 
10 was dissolved in approximately 4 to 5 ml deionized water and subsequently mixed with the perflubron emulsion 
immediately prior to the spray dry process. The gentamicin powders were then obteined by sprey drying using 
the conditions described above. A free flowing pale yellow powder was obtained for ell perflubron containing 
formulations. The yield for each of the various fonnulations ranged from 35% to 60%. 

IS II 

Moroholoov of Gentamicin Sulfate Sorav-Dried Powders 
A strong dependence of the powder morphology, degree of porosity, and production yield was observed as 
a function of the PFC/PC ratio by scanning dectron microscopy (SEM). A series of six SEM micrographs 
illustrating these observations, labeled 1A1 to 1F1, are shown in the left hand column of Rg. 1. As seen in 

20 these micrographs, the porosity and surface roughness was found to be highly dependent on the 
concentration of the blowing agent, where the surface roughness, number and size of the pores increased 
with increasing PFCfPC ratios. For example, the fonnulation devoid of perfluorooctyl bromide produced 
microstructures that appeared to be highly agglomerated and readily adhered to the surfece of the glass vie). 
Similarly, smooth, spherically shaped microparticles were obtained when relatively little (PFC/PC ratio - 1.1 

25 or 2.2) blowing agent was used. As the PFCfPC ratio was increased the porosity and surface roughness 
increased dramatically. 

As shown In the right hand column of Fig. 1, the hollow nature of the microstructures was elso 
enhanced by the incorporation of additional blowing agent. More particuiariy, the series of six microgrephs 
labeled 1A2 to 1F2 show cross sections of fractured microstructures as revealed by transmission electron 

30 microscopy (TEM). Each of these images was produced using the same microstructure preparation as was used to 
produce the corresponding SEM micrograph in the left hend column. Both the hollow nature and wall thickness of 
the resulting perforated microstructures eppeared to be largely dependent on the concentration of the 
selected blowing agent. That is, the hollow nature of the preparation appeared to increase and the thickness 
of the particle walls appeared to decrease as the PFCfPC ratio increased. As may be seen in Figs. 1A2 to 1C2 

3S substantially solid structures were obtained from formulations containing little or no fluorocarbon blowing 
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agent. Conversely, the perforated microstructures produced using a relatively h'gh PFC /PC ratio of 
approximately 45 (shown in Rg. 1F2 proved to be extremely hollow with a relatively thin wall ranging from 
about 43.5 to 261 nm. Both types of particles are compatible for use in the present inventioa 

ill 

Preparation of Sprav Dried Gentamidn 

Sulfate Particles using Various Blowing Aoents 

40 milliliters of the following solutions were prepared for spray drying: 

50% wfw Hydrogenated Phosphatidylcholine, E100*3 

(Lipoid KG, Ludwigshafen, Germany) 
50%w/w Gentamicin Sulfate (Amresco, Solon Ohio) 
Deionized water. 

Blowing Agents: 

Perfluorodecalin, FDC (Air products, Atlenton PA) 
Perfluorooctytbromide, Perflubron (Atochem, Paris, France) 
Perfluorhexane, PFH (3M, St. Paul, IVIN) 
1,l,2 trichlorotrifluoroethane, Freon 113 (Baxter, McGaw Park, IL) 

Hollow porous microspheres with a model hydrophilic drug, e.g., gentamicin sulfate, were prepared 
by spray drying. The blowing agent in these formulations consisted of an emulsified fluorochemical (FCI oil. 
Emulsions were prepared with the following PCs: PFH, Freon t13, Perflubron and FDC. 1.3 grams of 
hydrogenated egg phosphatidylchotine was dispersed in 25 mL deionized water using a UltraJurrax mbcer 
(model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70). 25 grams of FC was added dropwise during mixing (T 
« 60-70®C). After the addtion was complete, the FC-in- water emulson was m«ed for a total of not less th«i 4 
minutes. The resulting emissions were then further processed using an Avestin (Ottawa, Canada) high pressure 
homogerazer at 15,000 psi and 5 passes. Gentamicin sulfate was dissolved in approximately 4 to 5 mL deionized 
water and subsequently mixed with the FC emulsion. The gentamicin powders were obtained by spray drying 
(Btichi, 191 Mini Spray Dryer). Each emulsion was fed at a rate of 2.5 mL/min. The inlet and outlet 
temperatures of the spray dryer were 85°C and 55°C respectively. The nebulization air and aspiration flows 
were 2800 L/hr and 100% respectively. 

A free flowing pale yellow dry powder was obtained for all formulations. The yield for the various 
formulations ranged from 35 to 60%. The various gentamicin sulfate powders had a mean volume weighted 
particle diameters that ranged from 1 .52 to 4.9 1 fjm, 

IV 

Effect of Blowing Agent on the Morphology of 
Gentamicin Sulfate Spray-Dried Powders 
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A strong dependence of the powder morphology, porosity, and production yield (amount of powder 
captured in the cyclone) was observed as a function of the blovuing agent boiling point In this respect the powders 
produced in Example III were observed using scanning electron microscopy. Spray drying a fluorochemical (FC) 
emulsion with a boiling point below the SS^'C outlet temperature (e.g., perfluorohexane IPFH] or Freon 1 13), 
5 yielded amorphously shaped (shriveled or deflated) powders that contained little or no pores. Whereas, 
emulsions formulated with higher boiling FCs (e.g., perfiubron, perfluorodecelin, FDC) produced spherical 
porous particles. Powders produced with higher boiling blowing egents also had production yields 
approximately two times greater than powders produced using relatively low boiling point blowing agents. 
The selected blowing agents end their boiling points are shown in Table It directly below. 

10 

Table II 



Blowing Agent 


Ibp "CI 


Freon 113 


47.6 


PFH 


S6 


FDC 


141 


Perfiubron 


141 



Example IV illustrates that the physical characteristics of the blowing agent 0.8., boiling point) 
IS greatly influences the ability to provide perforated microparticles. A particular advantage of the present 
invention is the ability to alter the microstructure morphology and porosity by modifying the conditions and 
nature of the blowing agent. 

V 

20 Preparation of Sorav Dried Albuterol Sulfate 

Particles using Various Blowing Agents 

Approximately 185 ml of the following solutions were prepared for spray drying: 

49% wfw Hydrogenated Phosphatidylcholine, E100-3 

(Lipoid KG, Ludwigshafen, Germany) 
25 50% wfw Albuterol Sulfate 

(Accurate Chemical, Westbury, NY) 
1% wfw Poloxamer 188, NF grade (Mount Olive, i\IJ) 
Deionized water. 

30 Blowing Aoents: 

Perfluorodecaiin, FDC (Air products, Allenton PA) 
PerfluoroQctylbromide, Perfiubron (Atochem, Paris) 
Perfluorobutylethane F4H2 (F-Tech, Japan) 
Perfluorotributylamine FTBA |3M, St. Pad, MN) 

35 

Albuterol sulfate powder was prepared by spray-drying technique by using a B-191 Mini Spray-Drier 
(Bijchi, Flawil, Switzerland) under the following conditions: 
Aspiration: 100% 
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Inlet temperature: 85''C 
Outlet temperature: 6rc 
Feed pump: 2.5 mUmin. 
Nj flow: 47 Umin. 

5 

The feed solution was prepared by mixing solutions A and B prior to spray drying. 
Solution A : Twenty grams of water was used to dissolve 1.0 grams of Albuterol sulfate and 0.021 
grams of poioxamer 1 88. 

Solution B represented an emulsion of a fluorocarbon in water, stabilized by a phospholipid, which 
10 was prepared in the following way. Hydrogenated phosphatidylcholine (1.0 grams) was homogenized in 150 
grams of hot deionized water (T - 50 to 60°C| using an UltraTurrax mixer (model T-251 at 8Q00 rpm, for 2 
to 5 minutes (T - 60-70*'C). Twenty-five grams of Perflubron (Atochem, Paris, France) was added dropwise 
during mixing. After the addtion was complete, the Ruoroch^cal-in-water emulsion was mbced for at least 4 
minutes. The resulting emulsion was then processed using an Avestin (Ottawa, Canada) Ngh-pressure homogenizer 
IS at 18,000 psi and 5 passes. Solutions A and B were combined and fed into the spray dryer under the 
concfitions described above. A free flowing, white powder was collected at the cyclone separator as is 
standard for this spray dryer. The albuterol sulfate powders had mean volume weighted particle diameters 
ranging from 1.28 to 2.77 jjm, as determined by an Aerosizer (Amherst Process Instruments, Amherst, MA). 
By SEM, the albuterol sulfatefphosphoSpid spray dried powders were spherical and highly porous. 
20 Example V further demonstrates the wide variety of blowing agents that may be used to provide 

perforated micropartides. A particular advantage of the present invention is the ability to alter the 
microstructure morphology and porosity by manipidating the formulation and spray drying conditions. 
Furthermore, Example V demonstrates the particle diversity achieved by the present invention and the aUBty to 
effectively incorporate a wide variety of pharmaceutical agents therein. 

25 

VI 

Preparation of Hollow Porous PVA Particles 

by Spray Drving a Water-in-oil Emulsion 

100 ml of the following solutions were prepared for spray drying: 

30 80% w/w Bis-12-ethylhexyl) Sulfosuccirac Sodium Salt, 

(Aerosol OT, Kodak, Rochester, NY) 
20% w/w Polyvinyl Alcohol, average molecular weight -30,000-70,000 

(Sigma Chemicals, St. Louis, MO) 
Carbon Tetrachloride (Aldrich Chemicals, Milwaukee, Wl| 
3S Deionized water. 

Aerosol OTIpolyvinyl alcohol particles were prepared by spray-drying technique using a B-191 Mini 
Spray-Drier (BQchi, Hawil, Switzeriand) under the following conditions: 
Aspiration: 85% 



wo 99/16419 



PCT/US98a0602 



Inlet temperature: 60°C 
Outlet temperature: 43^C 
Feed pump: 7.5 mUmin. 
Nj flow: 36 L/min. 

5 

Solution A : Twenty grams of water was used to dissolve 500 milligrams of polyvinyl alcohol (PVA). 
Solution B represented an emulsion of carbon tetrachloride in water, stabilized by aerosol 07, which 
was prepared in the following way. Two grams of aerosol OT, was dispersed in 80 grams of carbon 
tetrachloride using a Uitra-Turrax mixer (model T-25) at 8000 rpm for 2 to 5 minutes (T « 15° to 20**CK 

1 0 Twenty grams of 2.5% wiv PVA was added dropwise during mixing. After the addition was complete, the water- 
in-oil emidsion was mbted for a total of not less than 4 minutes IT - 1 5° to 20°C). The resulting emulsion was then 
processed using an Avestin (Ottawa, Canada} lugh-pressure homogenizer at 12,000 psi and 2 passes. The emulsion 
was then fed into the spray dryer under the conditions described above. A free flowing, white powder was 
collected at the cyclone separator as is standard for this spray dryer. The Aerosol OT/PVA powder had a 

1 5 mean volume weighted particle diameter of 5.28 ± 3.27 fjm as determined by an Aerosizer (Amherst Process 
instruments, Amherst, MA). 

Example VI further demonstrates the variety of emulsion systems (here, reverse water-in*oil), 
formulations and conditions that may be used to provide perforated microparticles. A particular advantage of 
the present invention Is the alulity to alter formtdations and/or conditions to produce compositions having a 

20 microstructure with selected porosity. This principle is further illustrated in the following example. 



VII 

Preoaration of Hollow Porous Polvcaorolactone 
Particles bv Sorav Dryino a Water-in-Oil Emulsion 
25 1 00 mis of the following solutions were prepared for spray drying: 

80% w/w SorUtan Monostearate, Span 60 (Aldrich Chemicals; Milwaukee, Wl) 
20% w/w Potycaprolactone, average molecular weight - 65,000 
(Aldrich Chemicals, Milwaukee, Wl) 
30 Carbon Tetrachloride (Aldrich Chemicals, Miwaukee, Wl) 

Deionized water. 

Span 60/polycaprolBctone particles were prepared by spray-drying technique by using a B-191 Mini 

Spray-Drier (BQchi, Flawil, Switzeriand) under the following conditions: 

Aspiration: 85% 
Inlet temperature: 50° C 
Outlet temperature: SS^'C 
Feed pump: 7.5 mUmin. 
Nj flow: 36 Umin. 



35 



40 



-52- 



wo 99/16419 



PCT/US98/20602 



A wateMn-carbon tetrachloride emulsion was prepared in the following manner. Two grams of 
Span 60, was dispersed in 80 grams of carbon tetrachloride using an Ultra-Turrax mixer (model T-251 at 8000 
rpm for 2 to 5 minutes (T - 15 to 20**C|. Twenty grams of deionized water was added dropwise during 
mixing. After the addition was complete, the watar-in-oO emulsion was mixed for a total of not less than 4 minutes 
(T - 15 to 20^C|. The lesiJting emulsion was then further processed using en Avestin (Ottawa, Canada) high- 
pressure homogenizer at 12,000 psi and 2 passes. Rve hundred milligrams of polycaprolactone was edded 
directly to the emulsion end, mixed until thoroughly dissolved. The emulsion was then fed into the spray dryer 
under the conditions described above. A free flowing, white powder was collected et the cyclone separator 
as is standard for this dryer. The resulting Span 60/polycaprolactone powder had a mean volume weighted 
particle diameter of 3.15 ± 2.17 //m. Again, the present Example demonstrates the versatility the instsnt 
invention vtfith regard to the feed stock used to provide the desired perforated microstructure. 



VIII 

Preparation of hollow porous powder bv spray drying a qas-in-water emulsion 
The following solutions were prepared with water for injection: 
Solution 1: 

3.9% w/v m-HES hydroxyethylstarch (Ajinomoto, Tokyo, Japan! 

3.25% w/v Sodium chloride (Mallinckrodt, St. Louis, MO) 
2.83% w/v Sodium phosphate, dibasic (Mallinckrodt, St. Louis, MO) 
0.42% wiv Sodium phosphate, monobasic (Mallinckrodt, St. Louis, MO) 



Solution 2: 



0.45% w/v Poloxamer 1 88 (BASF, Mount Olive, NJ) 
1 .35% w/v Hydrogenated egg phosphatidylcholine, EPC-3 
(Lipoid KG, Ludwigshafen, Germany) 

The ingredients of solution 1 were dissolved in warm water using a stir plate. The surfactants in solution 2 
were dispersed in water using a high shear mixer. Tte sdutions were combined following emdsification and 
'saturated with nitrogen prior to spray drying. 

The resulting dry, free flowing, hollow spherical product had a mean particle diameter of 2.6 ± 1.5 
//m. The particles were spherical and porous as determined by SEM. 

This example illustrates the point that a wide of blowing agents (here nitrogen) may be used to 
provide microstructures exhibiting the desired morphology. Indeed, one of the primary advantages of the 
present invention is the ability to alter formation conditions so as to preserve biological activity (i.e. with 
proteins), or to produce microstructures having selected porosity. 



IX 

Suspension Stabilitv of Gentamicin Sulfate Sprav-Dried Powders 
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10 



The suspension statiifity was defined as, the resistance of powders to cream in a nonaqueous 

medium using a dynamic photosecfimentation method. Each sample was suspended in Perflubron at a 

concentration of 0.8 mgfmL. The creaming rates were measured using a Horiba CAPA-700 

photosedimentation particle size analyzer (Irvine, CA) under the following conditions: 

Dlmax): 3.00 )[/m 

D(min.): 0.30^ 

D(Div): O.IOium 
Rotor Speed: 3000 rpm 

X: 10 mm 



The suspended particles were subjected to a centrifugal force and the absorbance of the suspension 
was measured as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability. Absorbance data was plotted versus time and the area under the curve was integrated between 0.1 
and 1 min., which was token as a relative measurement of stabifity. Figure 2 graphically depicts suspension 

1 S stability as a function of PFCfPC ratio or porosity. In this case, the powder porosity was found to increase 
with increasing PFC/PC. Maximum suspension stability was observed with formulations having PFC/PC ratios 
between 3 to 15. For the most part, these formulations appeared stable for periods greater than 30 minutes 
using visual inspection techniques. At points beyond this ratio, the suspensions flocculated rapidly indicating 
decreased stability. Similar results were observed using the cream layer ratio method, where it was observed 

20 that suspensions with PFC/PC ratios between 3 to 15 had a reduced cream layer thickness, indicating 
favorable suspension stability. 

X 

Preparation of Hollow Porous Particles of Albuterol Sulfate bv SpraV'Drvina 
25 Hollow porous albuterol sulfate particles were prepared by a spray-drying technique with a B-191 

Mini Spray-Drier (Buchi, Hawil, Switzeriandl under the foliawing spray conditions: aspiration: 100%, inlet 
temperature: 85°C; outlet temperature: 6rC; feed pump: 10%; N2 flow: 2,800 L/hr. The feed solution was 
prepared by mixing two solutions A and B immediately prior to spray drying. 

Solution A: 20g of water was used to dssolve 1g of albuterol sulfate (Accurate Chemical, 
30 Westbury, NY) and 0.021 g of poloxamer 1 88 NF grade (BASF, Mount Olive, NJ). 

Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC- 100-3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
150g of hot deionized water IT - 50 to 60'' C) using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 
5 minutes (T - 60-70° C|. 25g of perfluorooctyl bromide (Atochem, Paris, France) was added dropwise during 
35 mixing. After the fluorocarbon was added, the emulsion was mixed for a period of not less than 4 minutes. The 
resulting coarse emulsion was then passed through a high pressure homogenizer (Avestia Ottawa, Canada) at 
18,000 psi for 5 passes. 
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Solutions A and B were combined and fed into the spray-dryer under the condtions described above. 
A free flowing, white powder was collected at the cyclone separator. The hollow porous albuterol sulfate 
particles had a voluma-weighted mean aerodynamic diameter of 1.18 ± 1.42 //m as determined by e ttme-of- 
fBght analytical method (Aerosizer, Amherst Process Instruments, Amherst. MAI. Scanning electron microscopy * 
(SEMI analysis showed the powders to be spherical and highly porous. The tep density of the powder was 
determined to be less than 0.1 g/cml 

This foregoing example serves to illustrate the inherent diversity of the present invention as a drug delivery 
platf omi capable of effectively incorporating any one of a number of phamiaceutical agents. The principle is further 
iflustrated in the next exemple. 

XI 

Preparation of Hollow Porous Particles of BDP bv Snrav-Drvino 
Perforated microstructures comprising bedomethasone dipropionate IBDP) particles were prepared 
by a spray-drying technique with a B-191 Mini Spray*Orier (Buchi, Flawil, Switzerland) under the following 
spray conditions: aspiration: 100%, inlet temperature: 85'C; outlet temperature: 61 "C; feed pump: 10%; 
flow: 2,800 L/hr. The feed stock was prepared by mixing 0.1 1g of lactose with a fluorocarbon-in-water 
emulsion immediately prior to spray drying. The emulsion was prepared by the technique described below. 

74 mg of BDP (Sigma, Chemical Co., St. Louis, MO), 0.5g of EPC IOO-S (Lipoid KG, Ludwigshafen, 
Germany), 15mg sodium oleate (Sigma), and 7mg of poloxamer 188 (BASF, Mount Olive, NJ) were dissolved 
in 2 ml of hot methanol. The methanol was then evaporated to obtain a thin film of the phospholipid/steroid 
mixture. The phospholipid/steroid mixture was then dispersed in 64g of hot deionized water (T - 50 to 60®C) 
using an Ultra-Turrax mixer (model T-25) at 8000 rpm far 2 to 5 minutes (T - 60-70*'C). 8 g of perflubron 
(Atochem, Paris, France) was added dropwise during mixing. After the addition was complete, the emulsion was 
mixed for an addtiond period of not less than 4 minutes. The resulting coarse emulsion was then passed through a 
high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 passes. This emulsion was then used to 
fonn the feed stock which was spray dried as described above. A free flowing, white powder was collected at 
the cyclone separator. The hollow porous BDP particles had a tap density of less than 0.1 gjcml 

Xil 

Preparation of Hollow Porous Particles of Cromolyn Sodium fav Sprav Drvinq 
Perforated microstructures comprising cromolyn sodium were prepared by a spray-drying technique 
with a B-191 Miro Spray-Driar (Buchi, Flawil, Switzerland) under the following spray conditions: aspiration: 
100%, inlet temperature: 85*^0; outlet temperature: 8rC; feed pump: 10%; N2 flow: 2,800 L/hr. The feed 
solution was prepared by mixing two solutions A and B immediately prior to spray drying. 
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Solution A: 20g of water was used to dissolve 1g of cromolyn sodium (Sigma Chemical Co, St. Louis, 
MO) and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ). 

Solution B: A fluorocarbonHn-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC- 100-3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
5 150g of hot deionized water IT - 50 to GO^'C) using an Ultra-Turrax mixer (modal T-25) at 8000 rpm for 2 to 
5 minutes (T - 60-70°C|. 27g of perfluorodecalin (Air Products, Allentown, PA) was added dropwise during 
mbdng. After the fluorocarfaon was added, the emulsion was mued for at least 4 minutes. The resulting coarse 
emiiaon was then pessed through a high pressure homogerizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 
passes. 

1 0 Solutions A and B were combined and fed into the spray dryer under the conditions described above. 

A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous cromolyn 
sodium particles had a volume-weighted mean aerodynamic diameter of 1.23 ± 1.31 jjm as determined by a 
time-of-f1ight analytical method (Aerosizer; Amherst Process Instruments, Amherst, MA). As shown in Hg. 3, 
scanrvng dectron microscopy (SEM) analysis showed the powders to be both hollow and porous. The tap density of 

1 5 the powder was detennined to be less than 0.1 gfcml 

XIII 

Preparation of Hollow Porous Particles of DNase I bv Sprav Drvina 
Hollow porous DNase I particles were prepared by a spray drying technique with a B-191 Mini 
20 Spray-Drier (Buchi, Flawil, Switzerland) under the following conditions: aspiration: 100%, inlet temperature: 
8Q"C; outlet temperature: orC; feed pump: 10%; flow: 2,800 L/hr. The feed was prepared by mixing two 
solutions A and B immediately prior to spray drying. 

Solution A: 20g of water was used to dissolve 0.5gr of human pancreas DNase I (Calbiochem, San 
Diego CA) and 0.01 2g of poloxamer 188 NF grade (BASF. Mount Olive, NJ). 
25 Solution B: A fluorocarbonin water emulsion stabilized by phospholipid was prepared in the 

following way. The phospholipid, 0.52g EPC-100-3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
87g of hat deionized water (T - 50 to 60*0) using an Ultra-Turrex mixer (model T-25) at 8000 rpm for 2 to 5 
minutes (T - 60*70^0). 13g of perflubron (Atochem, Peris, France) was added dropwise during mixing. After 
the fluorocarbon was added, the emulsion was mixed for at least 4 minutes. The resulting coarse emulsion was then 
30 passed through a high pressure homogenizer (Avestia Ottawa, Canada) at 18,000 psi for 5 passes. 

Solutions A and B were combined end fed into the sprey dryer under the conditions described above. 
A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous ONase I 
particles had a volume-weighted mean aerodynamic diameter of 1.29 ± 1.40 //m as determined by a time>of- 
flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron 
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microscopy (SEMI analysis shovued the powders to be both hollow and porous. The tap (fansity of the powder was 
determined to be less than 0.1 gfcml 

The foregdng example further iflustrates the extraordinarY compatibility of the present invmtion with e 
variety of Uoacthre agents. That is, in addition to relatively small, hardy compounds such as steroids, the 
S preparations of the present invention may be fonnulated to effectively incorporate largerr fra^le molecules such as 



XtV 

Preoeration of Perforated Ink Polymeric Particles bv Sorav Drvino, 
10 in the following hypothetical example, finely-divided porous spherical resin particles which may 

contain coloring material such as a pigment, a dye, etc. are formed using the following formulation in 
accordance with the teachings herein: 

Formulation: 

IS Butadiene 7.5 g co*monomer 

Styrene 2.5 g co-monomer 

Water 18.0 g carrier 

Fatty Acid Soap 0.5 g emuisifier 

n-Dodecyl Mercaptan 0.050 g mocfifier 

20 potassium persulfate 0.030 g initiator 

carbon Black 0.50 g pigment 

The reaction is allowed to proceed at 50°C for 8 hours. The reection is then tenninated by spray 

25 drying the emulsion using a high pressure liquid chromatography (HPLCj pump. The emulsion is pumped 

through a 200 x 0.030 inch i.d. stainless steel tubing into a Niro atomizer portable spray dryer INiro Atomize, 

Copenhagen, Denmark) equipped with a two fluid nozzle (0.01" i.d.) employing the following settings: 

Hot air flow rate: 39.5 CFM 

Inlet air temp.: 180^*0 
30 Outlet air temperature: 80°C 

Atomizer nitrogen flow: 45 Lfmin, 1,800 psi 
Liquid feed rate: 33 mUmin 

It will be appreciated that unreacted monomers serve as blowing agents, creating the perforated 
35 microstructure. The described formulation and conditions yield free flowing porous polymeric particles 
ranging from 0.1-100//m that may be used in ink formulations. In accordance with the teachings herein the 
microparticles have the advantage of incorporating the pigment directly into the polymeric matrix. The 
process allows for the production of different particle sizes by modifying the components and the spray 
drying conditions with the pigment particle diameter largely dictated by the diameter of the copolymer resin 
40 particles. 
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XV 

Andersen Imnactor Test for Asse ssino MDI and DPI Performance 
The MDIs and DPIs were tested using commonly accepted pharmaceutical procedures. The method 
utilized was compliant with the Urated State Pharmacopaa (USP) procedure (Pharmacopeial Previews (1996) 

S 22:3085-30981 incorporated herein by reference. After 5 shots to waste, 20 shots from the test MDI were 
made into an Andersen Impactor. The number of shots employed for assessing the DPI formulations was 
dictated by the drug concentration and ranged from 10 to 20 actuations. 

Extraction procedure. The extraction from all the plates, induction port, and actuator were 
perfonned in closed vials with 10 mL of a suitable solvent. The filter was installed but not assayed, because 

10 the polyacryiic binder interfered with the analysis. The mass balance and particle size distribution trends 
indicated that the deposition on the filter was negrtgibly small. Methanol was used for extraction of 
beciomethasone dipropionate. Oeionized water was used for albuterol sulfate, and cromolyn sodium. For 
albuterol MDIs, 0.5 ml of 1 N sodium hydroxide was added to the plate extract which was used to convert 
the albuterol into the phenolate form. 

IS Quantitation procedure. All drugs were quantitated by absorption spectroscopy (Beckman DU840 

spectrophotometer) relative to an external standard curve with the extraction solvent as the blank. 
Beciomethasone dipropionate was quantitated by measuring the absorption of the plate extracts at 238 nm 
Albuterol MDIs were quantified by measuring the absorption of the extrects at 243 nm, while cromolyn 
sodium was quantitated using the absorption peak at 328 nm. 

20 Calculation procedure. For each MDI, the mass of the drug in the stem (component -3), actuator {• 

21, induction port (-11 and plates (0-7) were quantified as described above. Stages -3 and -2 were not 
quantified for the DPI since this device was only a prototype. The main interest was to assess the 
aerodynamic properties of the powder which (eaves this device. The Fine Particle Dose and Fine Particle 
Fraction was calculated according to the USP method referenced above. Throat deposition was defined as 

25 the mass of drug found in the induction port and on plates 0 and 1. The mean mass aerodynamic diameters 
fIVIMAD) and geometric standard diameters (GSD) were evaluated by fitting the experimental cumulative 
function with log-normal distribution by using two-parameter fitting routine. The results of these experiments 
are presented in subsequent examples. 

30 XVI 

Preparation of Metered Dose Inhalers Containing Hollow Porous Particles 
A pre-weighed amount of the hollow porous particles prepared in Examples I, X, XI, and XII were 
placed into 10 ml aluminum cans, and dried in a vacuum oven under the flow of nitrogen for 3 • 4 hours at 
40*C. The amount of powder filled into the can was determined by the amount of drug required for 
35 therapeutic effect. After this, the can was crimp seeled using a DF31/5Dact 50 I valve (Valois of America, 
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Greenwich, CTI end filled with HFA-134e (DuPont, Wilmington, DE) propellent by overpressure through the 
stem. The emount of the propellent in the cen was determined by weighing the cen before and after the fill. 

XVII 

Effect of Powder Porosity on MDI Performance 

In order to examine the effect powder porosity has upon the suspension stability and aerodynamic 
diameter, MDIs were prepared as in Example XVI with various preparations of perforated microstructures 
comprising gentamicin fonnulations as described in Example L MDIs containing 0.48 wt % spray dried 
powders in HFA 134a were studied. As set forth in Example I, the spray dried powders exhibit verying 
porosity. The formuletions were filled in deer glass vials to allow for visual examination. 

A strong dependence of the suspension stabiity and mean volume weighted aerodynamic diameter wes 
observed as a function of PFCjPC ratio andfor porosity. The volume weighted mean aerodynemic cfiameter 
(VMAD) decreesed end suspension stability increesed with increasing porosity. The powders that appeared 
solid and smooth by SEM and TEM techniques had the worst suspension stability and largest mean 
aerodynamic diameter. MDIs which were formulated with highly porous and hollaw perforated 
microstructures had the greatest resistance to creaming and the smallest eerodynamic diameters. The 
meesured VMAD values for the dry powders produced in Example 1 are shown in Table III immediately below. 



Tafalaill 



PFCIPC 


Powder VMAD, //m 


0 


6.1 


1.1 


5.9 


2.2 


6.4 


4.8 


3.9 


18.8 


2.6 


44.7 


1.8 



XVII] 

Comparison of Creamino Rates in Cromolyn Sodium Formulations 
A comparison of the creaming rates of the commercial Intal formulation (Rhone-Pouienc Rorer) and 
spray-dried hollow porous particles formulated in HFA-134a according to Example Xll (i.e. see Fig. 3) is shown 
in Figures. 4A to 40. In each of the pictures, taken at 0 seconds, 30 seconds, 60 seconds and two hours 
after shaking, the commercial formulation is on the left and the perforated microstructure dispersion formed 
accordance with the present invention is on the right. Whereas the commercial Intal formulation shows 
creaming within 30 seconds of mixing, almost no creaming is noted in the spray-dried particles after 2 hours. 
Moreover, there was little creeming in perforated microstructure formulation after 4 hours (not shown). This 
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example clearly illustrates the balance in density wMch can be achieved when the hollow porous particles are 
filled with the suspension mecEum (i.e. In the formation of a homodispersionl. 

XIX 

5 Andersen Cascade Imoactor Results for Cromolyn Sodium MP! Formulations 

The results of cascade impactor tests for a commercially available product llntal'', Rhone-Poulenc 
Rorer) and an analogous spray-dried hollow porous powder in HFA-134a prepared according to Examples XII 
and XVI are shown below in Table IV. The tests were performed using the protocol set forth in Exemple XV. 



10 Table IV 



Cromolyn Sodium MOIs 




MMAD 
IGSD) 


Throet 

Deposition, 


Fine particle fraction, 
% 


Fine Particle Dose, 

g 


Inter .CFC (n - 41 
(Rhone Poulenc) 
800 //g dose 


4.7 ± 0.5 
(1.9 ±0.061 


629 


24.3 ±2.1 


202 ±27 


Sprey dried hollow porous 
powder, HFA 
(Alliance) (n "31 
300 //g dose 


3.4 ± 0.2 
(2.0 ± 0.3) 


97 


67.3 ±5.5 


200±11 



The MDI formulated with perforated microstructures was found to have superior aerosol 
performance compared with Intaf. At a comparable fine particle dose, the spray dried cromolyn formulations 
possessed a substantially higher fine particle fraction I" 67%), and significantly decreased throat depodtion 
IS (6-fold), along with a smaller MMAD value. It is important to note that the effective delivery provided for by 
the present invention allowed for a fine particle dose that was approximately the same as the prior art 
commercial formulation even though the amount of perforated microstructures administered (300 /jq) was 
roughly a third of the Intef dose administered (800 //g|. 

20 XX 

Comparison of Andersen Cascade Impactor Results for 
Albuterol Sulfate Microspheres Delivered From DPIs and MDIs 

The in vitro aerodynamic properties of hdiow porous albuterol sulfate microspheres as prepared in 
Example X was characterized using an Andersen Mark II Cascade Impactor (Andersen Sempler, Atlanta, GA) 
25 and an Amherst Aerosizer (Amherst instruments, Amherst, MA). 

DPI testing. Approximately, 300mcg of spray-dried microspheres was loaded into a proprietary 
inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
actuation of 50 jj\ of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tubs toward the sample chamber, and subsequently aerosolized a plume of dry 
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powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
chamber for particle size analysis. Ten actuations were discharged from the device into the impactor. A 30 
second interval was used between each actuation. The results were quantiteted as described in Example XV. 

5 

MDI testing. A MDI preparation of albuterol sulfate microspheres was prepared as in Example XVt. 
A single ectuation was discharged into the aerosizer sample chamber for particle size analysis. Twenty 
actuations were discharged from the device into the impactor. A 30 second interval was used between each 
actuation. Again, the results were quantitated as described in Example XV. 
10 The results comparing the particle size analysis of the neat dbuterol sulfate powder and the 

albuterol sulfate powder discharged from either a DPI or MDI are shown in Table V below. The albuterol 
sulfate powder delivered from the DPI was indistinguishable from the neat powder which indicates that little 
or no aggregation had occurred during actuation. On the other hand, some aggregation was observed using 
an MDI as evidenced by the larger aerodynamic diameter of particles delivered from the device. 

15 

Table V 



Sample 


Mean Size U/m) 


% under 5.4 jm 


95% under U/m) 


Meat powder 


1.2 


100 


2.0 


MDI 


2.4 


96.0 


5.1 


DPI 


1.1 


100 


1.8 



Similar results were observed when comparing the two dosage forms u^ng en Andersen Cascade 
20 Impactor IFigure 5). The spray-dried albuterol sulfate powder delivered from the DPI had enhanced deep lung 
deposition and minimized throat deposition when compared with the MDI. The MDI formulation had a fine 
particle fraction (FPFI of 79% and a fine particle dose (FPD) of 77 //g/actuation, while the DPI had a FPF of 
87% and a FPD of 100//g/ actuation. 

Figure 5 and the Example above exemplifies the excellent flow and aerodynamic properties of the 
25 herein described spray-dried powders delivered from a DPI. Indeed, one of the primary advantages of the 
present invention is the ability to produce small aerodynamically light particles which aerosolize with ease and 
which have excellent inhalation properties. These powders have the unique properties which enable them to 
be effectively and efficiently delivered from either a MDI or DPI. This principle is further illustrated in the next 
Example. 

30 

XXI 

Comoarison of Andersen Cascade Impactor Results for 
Beclomethasone Dioropionate Microspheres Delivered From DPls and MDIs 
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The in vitro aerodynamic properties of hollow porous beciomethasone dipropionate IBDP) 
microspheres as prepared in Example XI was characterized using an Andersen Mark 11 Cascade Impactor 
(Andersen Sampler, Atlanta, GAI and an Amherst Aerosizer (Amherst Instruments, Amherst, MA). 

DPI testing. Approximately, 300po of spray-dried microspheres was loaded Into a proprietary 
S inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
actuation of 50 //I of pressurized HFA 134a through a long induction tube. The pressurized HFA 1348 forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
10 chamber for particle size analysis. Twenty actuations were (fischarged from the device into the impactor. A 
30 second interval was used between each actuation. 

MDI testing. A MDI preparation of beciomethasone diprofuonate (BDP) microspheres was prepared 
as in Example XVI. A single actuation was discharged into the aerosizer sample chamber for particle size 
analysis. Twenty actuations were discharged from the device into the impactor. A 30 second interval was 
1 S used between each actuation. 

The results comparing the particle size analysis of the neat BDP powder and the BDP powder 
discharged from either a DPI or MDI are shown in Table VI immediately below. 

Table VI 



Sample 


Mean Size [pm] 


% under 5.4 //m 


95% under iim) 


Neat powder 


1.3 


100 


2.1 


MDI 


2.2 


98.1 


4.B 


DPI 


1.2 


99.8 


2.2 



20 

As with Example XX, the BDP powder delivered from the DPI was indistinguishable from the neat 
powder which indicates that little or no aggregation had occurred during actuation. On the other hand, some 
aggregation was observed using an MDI as evidenced by the larger aerodynamic diameter of particles 
25 delivered from the device. 

The spray-dried BDP powder delivered from the DPI had enhanced deep lung deposition and 
minimized throat deposition when compared with the MDI. The MDI formulation had a fine particle fraction 
(FPF) of 79% and a fine particle dose (FPO) of 77 //g/actuation, while the DPI had a FPF of 87% and a FPD of 
100//g/ actuation. 

30 This foregoing example serves to illustrate the inherent diversity of the present invention as a drug 

delivery platform capable of effectively incorporating any one of a number of pharmaceutical agents end 
effectively delivered, from venous types of delivery devices (here MDI and DPI) currently used in the 
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pharmaceutical arena. The excellent flow and eerodynamic properties of the dry powders shown in the 
proceeding examples is further exemplified in the next example. 

XXII 

Comparison of Andersen Cascade impactor Results for 
Albuterol Sulfate Microspheres and Ventolin Rotacaos'' from a Rotahaler ' Device 

The following procedure was followed to compare the inhalation properties of Ventolin Rotocaps"^ |a 
commercially available formulation) vs. albuterol sulfete hollow porous microspheres fonmed in accordance 
with the present invention. Both proportions were discherged from a Rotohaler" device into an 8 stage 
Andersen Mark II cascade impactor operated at a flow of GOUmin. Preparation of the albuterol sulfate 
microspheres is described in Example X with elbuterol sulfate deposition in the cascsde impactor analyzed as 
described in Example XV. Approximately 300 ;jq of albuterol sulfate microspheres were manually loaded into 
empty Ventolin Rotocap' gelatin capsules. The procedure described in the package insert for loading and 
actuating drug capsules with a Rotohaler^ device was followed. Ten actuations were discharged from the 
device into the Impactor. A 30 second interval was used between each ectuation. 

The results comparing the cascade impactor analysis of Ventolin Rotocaps* and hollow porous 
albuterol sulfate microspheres discharged from a Rotohaler"* device are shown in Table VI immediately below. 



Table VII 



Sample 


MMAD 


Hne Particle Fraction 


Fine Particle Dose 




IGSOl 


% 


(mcg/dosel 


Ventolin RotBcaps''|n«2) 


7.869 
(1.60841 


20 


15 


Albuterol Sulfate 


4.822 


63 


60 


Microspheres (n - 31 


(1.00821 







The hollow porous albuterol sulfate powder delivered from the Rotohaier*^ device had a significantly 
higher fine particle fraction (3-fold) and a smaller MMAD value as compared with Ventolin Rotocaps*. In this 
regard, the commercially available Ventolin Rotocap'' formulation had a fine particle fraction (FPF) of 20% and 
a fine particle dose (FPD) of 1 5 yug/actuation, whereas the hdiow porous albuterol sulfate microspheres had a 
FPF of 63% and a FPD of 60)wg/ actuation. 

The example above exemplifies the excellent flow and aerodynamic properties of the spray-dried 
powders delivered from a Rotahaler'' device. Moreover, this example demonstrates that fine powders can be 
effectively delivered without carrier particles. 

XXIII 

Nfibullzation of Porous Particulate Structures ComorisinQ 
PhosDhorioids end Cromolyn sodium in Perfluorooctvlethene 
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usinoaMrcroMigt Mph^tlj^pr 
Forty milSgrams of the Gpid based microspheres contairang 50% cromolyn sodium by weight (as from 
Example XIII were dispersed in 10 ml perfluorooctylethane (PFO0 by shaking, forming a suspension. The suspension 
was nebdized until the fluorocarbon liquid was delivered or had evaporated using a MicroMist IDeVilbiss) disposable 
nebulizer using a PulmoAide* air compressor (DeVibiss). As described above in Example XV, an Andersen Cascade 
Impactor was used to measure the restating partide size distribution. More spedficeOy, cromolyn sodium content 
was measured by UV adsorption at 326nm. The fine particle fraction is the ratio of particles deposited in stages 2 
through 7 to those deposited in all stages of the hipector. The fine partide mass is the weight of material deposited 
in stages 2 through 7. The deep lung fraction is the ratio of partides deposited in stages B through 7 of the impactor 
(which corrdate to the alvedQ to those deposited in dl stages. The deep lur^ mass is the wdght of materid 
deposited in stages 5 through 7. Table VIII immedatdy bdow provides a summary of the results. 



Table Vltl 



Rne partide fraction 


fine partide mass 


deep lung fraction 


deep lung mass 


90% 


8mp 


75% 


5mg 



XXIV 

Nebuiizatlon of Porous Particulate Structures ComDridno 
Phospholimds end Cromolyn Sodium In PerfluorooctvlethanB 
using a Raindrop* Nebulizer 
A quantity of fipid based microspheres containing 50% cromdyn sodium, as from Example XII, waghing 40 
mg was tfispersed in 10 ml parfluorooctyiethane (PFOEI by shaking, thereby fonrong a suspension. The suspension 
was nebulized until the fluorocarbon liquid was ddivered or had evaporated using a Raindrop* disposable nebulizer 
(Ndlcor Puritan Bennet) connected to a PulmoAide' air compressor (DeVilbissK An Andersen Cascade Impactor was 
used to measure the resulting partida size dstribution in the manner described in Examples XV and XXIII. Table IX 
immediately below provides a summary of the resdts. 



Table IX 



Fine partide fraction 


fine partide mass 


Deep lung fraction 


deep lung mass 


90% 


4ma 


80% 


3mg 



XXV 

Mebulization o f Aoubous Cromolyn Sodium Solution 
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The contents of plastic vial contarang a unit dose inhalation solution of 20 mg of cromolyn sodium in 2 ml 
purified water (Dey Laboratories) was nebulized using a MicroMist disposable nebulizer (DeVilbiss) using a PdmoAide* 
air compressor (DeVilbiss). The cromolyn sotfium solution wss nebulized for 30 minutes. An Ando'soi Cascade 
Impector was used to measure the resiiting size dstnliution of the nebuDzed particles, by the method described 
above in Example XV. Table X immediately bdow provides a summary of the results. 



Table X 



fine particle fraction 


fine particle mass 


Deep lung fraction 


Deep lung mess 


90% 


7mg 


60% 


5mg 



With regard to the instant resists, it will be appreciated that, the formulations nebulized from fluorocarbon 
suspension mediums in Examples XXIII and XXIV provided a greater percentage of deep lung deposition than the 
aqueous solution. Such high deposition rates deep in the lung is particularly desirable when delivering egents to the 
systemic drciiation of e patient. 

Those shUed in the art will further appreciate thet the present invention may be emborfied in other spedfic 
fonns without departing from the spirit or central ettributes thereof. In that the foregoing description of the present 
invention dsdoses only exemplary embodiments thereof, it is to be understood that, other variations are 
contemplated as being within the scope of the present invention. Accordingly, tiie present invention is not Timited to 
the particdar emborfiments wluch have been described in detail heran. Rather, reference should be made to the 
aiqiended daims as indicative of the scope and content of the invention. 
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1. Use of a irioactive agent in the manufacture of a medicament for piimonary delivery whereby 
the medicament comprises e plurafity of perforated microstructures which are aerosolized using an inhalation device 

S to provide aerosoGzed medicament compriang said Uoactive agent wher»n said aerosolized medicament is in a f omi 
for administration to at least a portion of the nasal or pulmonary air passages of a patient in need thereof. 

2. The use of claim 1 wherein said inhalatian device comprises a metered dose inhaler, a dry 
powder inhaler or a nebiiizer. 

3. The use of claim 1 wher«n said perforated microstructures are in the form of a dry powder. 

10 4. The use of claim 1 wherein said perforated microstructures are dispersed in a nonaqueous 

suspension medium. 

5. The use of any of dams 1 to 4 wherein said perforated iricrostructures comprise a surfactant. 

6. The use of dabn 5. wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fiuorinated 

1 5 surfactants and combinations thereof. 

7. The use of daims 5 or 6 wherein said surfactant is a phospholipid. 

8. The use of claim 7 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidylcholine, dioleyfphosphatidylchdine, dipalmitoyiphosphetidylchdine, 
disteroylphosphatidylchotine, dibehenoylphosphatidyl<chdine, diarachidoylphosphatidytchdine and 

20 combinations thereof. 

9. The use of any of daims 1 to 8 wherein the mean aerodynamic diameter of the perforated 
microstructures is between 0.5 and 5 //m. 

10. The use of any of daims 1 to 9 wherein said perforated microstructures have a bulk 
density of less than about 0.5 g/cml 

25 11. The use of any of claims 1 to ID wherein said perforated microstructures have a mean 

geometric diameter of less than about 5 /ym. 

12. The use of any of daims 1 to 11 wheran said bioactive agent is selected from the group 
consisting of antiallergics, bronchodlators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors 
or antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti tuberculars, 

30 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations thereof. 

13. A method for fonning a perforated microstnicture comprising the steps of: 
providng a liquid feed stock comprising an active agent; 

atomizing said liquid feed stock to produce dispersed liquid droplets; 
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drying said Equid droplets under predetermined conditjons to form perforated microstructures comprising 
said active agent* and 

collecting said perforated microstnictures. 

14. The method of daim 13 wherein said feed stock comprises a blovuing agent. 
S 15. The method of dam 14 wherdn said blowing agent comprises e nonfluorinated oil. 

16. The method of dam 14 wheren said blowing agent comprises a fluorinated compound. 

17. The method of deam 16 wherein sad fluorinated blowing agent has a bo3ing point greater than 
about 60''C. 

18. The method of any of daims 13 to 17 wherein said feed stock comprises a coDddal system. 
10 19. The method of any of daims 1 3 to 1 8 wherein said feed stock comprises a surfactant 

20. The method of dam 19 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

21. The method of claim 1 9 or 20 wherein said surfactant is a phosphdipid. 

15 22. The method of daim 21 wherein said phospholipid is selected from the group consisting of 

dilauroylphosphatidylcholine, dioleylphosphatidylchdine, dipalmitoYlphosphatidylcholine, 

disteroylphosphatidylchdine dibehenoylphosphatidylchdine, diarachidoylphosphatidylcholina and combinations 
thereof. 

23. The method of any of daims 13 to 22 wherein said cdlected perforated microstructures 
20 comprise hdlow porous microspheres. 

24. The method of any of claims 13 to 23 wherein the mean aerodynamic diameter of said 
collected perforated microstructures is between 0.5 and 5 ^m. 

25. The method of any of claims 13 to 24 wherein said perforated microstructures have e 
mean geometric diameter of less than about 5 jjm. 

25 26. The method of any of claims 13 to 25 wherein said active agent comprises a bioactive 

agent. 

27. The method dam 26 wherdn said bioactive agent is selected from the group consisting of 
antlallergics, bronchodilators, pdmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 
antagonists, antihistamines, antinflammatories, antineoplastics, antichoGnergics, anesthetics, anti*tuberculars, 

30 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations ttereof. 

28. The method of any of daims 13 to 27 wherein said atomization step is accompBshed using a 
spray dryer. 

29. A perforated microstructure formed according to any one of daims 1 3 to 28. 
35 30. A method for increasing the dtsperdbility of a powder comprising the steps of: 
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providing a liqi&d feed stock comprising an active agent; end 

spray drying said Gquid feed stodc to produce a perforated microstructure powder having a bulk 
density of less than about 0.5 gfcm' wherein said powcfer exhibits reduced van der Waals attractive forces when 
compared to a relatively non-porous powder of the same composition. 
5 31 . The method of daim 30 wherein said Gquid feed stock comprises a blowing agent 

32. The method of daim 31 wherein said blowing agent comprises a nonfluorinated oi. 

33. The method of dam 31 wherein said blowing agent comprises a fluorinated compound. 

34. The method of daim 33 wherdn ssid fluorinated compound has a boiling point of greater than 
about 60''C. 

1 0 35. The method of any of daims 30 to 34 wherein said feed stock comprises a surfactant 

36. The method of ddm 35 wheran said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

37. The method of daim 35 or 36 wherein said surfactant is a phospholipid. 

1 5 38. The method of daim 37 wherein said phospholipid is selected from the group consisting of 

dilauroylphosphatidylcholine, dioieyiphosphatidylcholine, dipalmitoylphosphatidylcholine, 

disteroyiphosphatidylcholine dibehenoylphosphatidytcholine, diarachidoylphosphatidylcholine and combinations 
thereof. 

39. The method of any of daims 30 to 38 wherein said perforated microstructures comprise hdlow 
20 porous microspheres. 

40. The method of any of daims 30 to 39 wherein said active agent comprises a bioactive agent. 

41. The method daim 40 wherein said bioactive egent is selected from the group consisting of 
antiaflergics, bronchodilators, pulmonary lung surfactants, analgesics, antifa'otics, ieukotriene inhibitors or 
entagonists, antihistamines, antnnflammatories, antineoplastics, anticholinergics, anesthetics, anti-tuberculars, 

25 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations thereof. 

42. A perforated microstructure powder f omied eccordng to any one of daims 30 to 4 1 . 

43. A powder having increased cSspersibility comprising a pluraGty of perforated microstructures 
having a bulk density of less than about 0.5 g/cm^ wherein said perforated microstructure powder comprises en 

30 active agent. 

44. The pow(kr of daim 43 wherein sad powder comprises hdlow porous microsphoBS. 

45. The powder of daims 43 or 44 wherein the mean aerodynamic diameter of said perforated 
microstructures is between 0.5 and Sjjm. 

46. The powder of any of daims 43 to 45 wherein said perforated microstructures have a 
35 mean geometric diameter of less than about 5 /ym. 
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47. The powder of any of claims 43 to 46 wherein said perforated microstructures comprise a 
surfactant. 

48. The powder of daim 47 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 

S surfactants and combinations thereof. 

49. The powder of claim 47 or 48 wherein said surfactant is a phospholipid. 

50. The powder of claim 49 wherein said phospholipid is selected from the group consisting of 
dilauroyiphosphatidylcholine, dideylphosphatidylcholine, dipalmitoylphosphatidylcholine, 
disteroylphosphatidylcholine dibehenoylphosphatidylcholine, diarachidoylphosphatidylcholine and combinations 

10 thereof. 

51. The powder of claim any of daims 43 to 50 wherein said active agent is a bioactive agent. 

52. The powder of daim 51 wherein said bioactive agent is selected from the group consisting 
of antiallergics, bronchodilators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 

IS antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti- 
tubercuiars, imaging agents, cardiovascular agents, enzymes, sterdds, genetic material, vird vectors, 
antisense agents, proteins, peptides and combinations thereof. 

53. An inhdation system for the pulmonary administration of a bioactive agent to a patient 
compridng: 

20 an inhalation device comprising a reservoir; and 

a powder in said reservoir wherein said powder comprises a plurality of perforated 
microstructures having a bulk density of less than about 0.5 glcm^ wheran said perforated microstructure 
powder comprises a bioactive agent whereby said inhalation device provides for tiie aa^osotized administration of 
said powder to at least a portion of the nasd or pulmonary air passages of a patient in need thereof. 
25 54. The system of daim 53 wherdn sdd inhdation device comprises a dry powder inhaler, a metered 

dose inhder or a nebulizer. 

55. The system of ddm 53 wherdn sdd perforated microstructures are dispersed in a nonaqueous 
suspendon medium. 

58. The system of ddm 55 wherdn said nonaqueous suspendon medium comprises a fluorinated 
30 compound. 

57. The system of any of daims 54 to 56 wherein sdd perforated microstructures comprise a 
surfactant 

58. The system of ddm 57 wherdn said surfactant is sdected from the group condsting of 
phosphdipids, noroonic detergents, nonionic block copolymers, iorac surfactants, biocompatible fluorinated 

3 5 surfactants and combinations thereof. 
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59. The system of daims 57 or 58 wherein said surfactant is a phospholipid. 

60. The system of any of claims 54 to 59 wherein sad bioactive agent is selected from the group 
consisting of antiallergics^ bronchodlators, pidmonary lung surfactants, analgesics, antiUotics, leukotriena inhibitors 
or antagonists; antiKstamines, antinfiammatories, antineoplastics, anticholinergics, anesthetics, anti*tuberculars, 
imaging agents, cardiovascular agents, oizymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations themof. 

61. AmethodforthepifmonarydeGveryof one ormorebioective egentsccHnprising the steps of: 
providing a powder comprising a plurality of perforated microstructures having a bulk den^ty of less 

than about 0.5 gfcm^ wherein said perforated microstructure powder comprises a bioactive agent; 

aerosolizing said perforated microstructure powder to provide an eerosolized medicament; end 
administering a therapeutically ef fecthre amount of said aerosolized medicament to at least a portion of the 

nasal or pulmonary air passages of e patient in need thereof. 
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